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Escherichia coli KPM316 (msbA&52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP)

The sequence of the sense strand of the organism is the E coli reference
sequence with the following alterations:

msbAb52 replaces the wild type allele of msbA, wherein a C at 965895 is replaced
by a T, resulting in a Serine instead of Proline at amino acid 18 in the MsbA
protein.

SEQID9:
965844 C>T 965895

ATGCATAACGACAAAGATCTCTCTACGTGGCAGACATTCCGCCGACTGTGGTCAACCATTGC
GCCTTTCAAAGCGGGTCTGATCGTGGCGGGCGTAGCGTTAATCCTCAACGCAGCCAGCGAT
ACCTTCATGTTATCGCTCCTTAAGCCACTTCTTGATGATGGCTTTGGTAAAACAGATCGCTCC
GTGCTGGTGTGGATGCCGCTGGTGGTCGATCGGGCTGATGATTTTACGTGGTATCACCAGCT
ATGTCTCCAGCTACTGTATCTCCTGGGTATCAGGAAAGGTGGTAATGACCATGCGTCGCCG
CCTGTTTGGTCACATGATGGGAATGCCAGTTTCATTCTTTGACAAACAGTCAACGGGTACGC
TGTTGTCACGTATTACCTACGATTCCGAACAGGTTGCTTCTTCTTCTTCCGGCGCACTGATTA
CTGTTGTGCGTGAAGGTGCGTCGATCATCGGCCTGTTCATCATGATGTTCTATTACAGTTGG
CAACTGTCGATCATTTTGATTGTGCTGGCACCGATTGTTTCGATTGCGATTCGCGTTGTATCG
AAGCGTTTTCGCAACATCAGTAAAAACATGCAGAACACCATGGGGCAGGTGACCACCAGCG
CAGAACAAATGCTGAAGGGCCACAAAGAAGTATTGATTTTCGGTGGTCAGGAAGTGGAAAC
GAAACGCTTTGATAAAGTCAGCAACCGAATGCGTCTTCAGGGGATGAAAATGGTTTCAGCCT
CTTCCATCTCTGATCCGATCATTCAGCTGATCGCCTCTTTGGCGCTGGCGTTTGTTCTGTAT
GCGGCGAGCTTCCCAAGTGTCATGGATAGCCTGACTGCCGGTACGATTACCGTTGTTTTCTC
TTCAATGATTGCACTGATGCGTCCGCTGAAATCGCTGACCAACGTTAACGCCCAGTTCCAGC
GCGGTATGGCGGCTTGTCAGACGCTGTTTACCATTCTGGACAGTGAGCAGGAGAAAGATGA
AGGTAAGCGCGTGATCGAGCGTGCGACTGGCGACGTGGAATTCCGCAATGTCACCTTTACT
TATCCGGGACGTGACGTACCTGCATTGCGTAACATCAACCTGAAAATTCCGGCAGGGAAGA
CGGTTGCTCTGGTTGGACGCTCTGGTTCGGGTAAATCAACCATCGCCAGCCTGATCACGCG
TTTTTACGATATTGATGAAGGCGAAATCCTGATGGATGGTCACGATCTGCGCGAGTATACCC
TGGCGTCGTTACGTAACCAGGTTGCTCTGGTGTCGCAGAATGTCCATCTGTTTAACGATACG
GTTGCTAACAACATTGCTTACGCACGGACTGAACAGTACAGCCGTGAGCAAATTGAAGAAGC
GGCGCGTATGGCCTACGCCATGGACTTCATCAATAAGATGGATAACGGTCTCGATACAGTG
ATTGGTGAAAACGGCGTGCTGCTCTCTGGCGGTCAGCGTCAGCGTATTGCTATCGCTCGAG
CCTTGTTGCGTGATAGCCCGATTCTGATTCTGGACGAAGCTACCTCGGCTCTGGATACCGAA
TCCGAACGTGCGATTCAGGCGGCACTGGATGAGTTGCAGAAAAACCGTACCTCTCTGGTGA
TTGCCCACCGCTTGTCTACCATTGAAAAGGCAGACGAAATCGTGGTCGTCGAGGATGGTGT
CATTGTGGAACGCGGTACGCATAACGATTTGCTTGAGCACCGCGGCGTTTACGCGCAACTT
CACAAAATGCAGTTTGGCCAATGA

967592

FIG. 12a
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AgutQ

Nucleotides 2827846 to 2828789 are deleted from the reference sequence and
the following sequence is incorporated into KPM316 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM316 and correspond to
bases of the MG1655 genome: C at 2827845 and G at 2828790):

SEQID10:

2827845
CGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAAGGTCGACGGATCCCCGGAATG

2828790

FIG. 12b

AkdsD

Nucleotides 3339288 to 3340264 are deleted from the reference sequence and
the following sequence is incorporated into KPM316 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM316 and correspond to
bases of the MG1655 genome: T at 3339287and C at 3340265):

SEQID11:

3339287
TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAACTAAGGAGGATATTCATATGC

3340265

FIG. 12¢
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AlpxL
(coding sequence of lpxL is complement of the reference nucleic acid strand)

Nucleotides 1114958 to 11155744 are deleted from the reference sequence and
the following sequence is incorporated into KPM316 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM316 and correspond to
bases of the MG1655 genome: C at 1114957 and C at 1115745):

SEQID12:

1114957
CTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTA
TAGGAACTTCGAAGCAGCTCCAGCCTACACC

1115745

FIG. 12d

AlpxM
(coding sequence of lpxM is complement of the reference nucleic acid strand)

Nucleotides 1937303 to 1938151 are deleted from the reference sequence and
the following sequence is incorporated into KPM316 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM316 and correspond to
bases of the MG1655 genome: G at 1937302 and G at 1938152):

SEQID13:

1937302
GTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTA
TAGGAACTTCGAAGCAGCTCCAGCCTACACG

1938152

FIG. 12¢e
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ApagP

Nucleotides 655780 to 656340 are deleted from the reference sequence and the
following sequence is incorporated into KPM316 (the terminal nucleotides, shown
at the ends of the sequence, are present in KPM316 and correspond to bases of
the MG1655 genome: A at 655779 and G at 656341):

SEQID14:

655779
AGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAACTAAGGAGGATATTCATATGG

656341

FIG. 12f

NpxP

Nucleotides 2493667 to 2494587 are deleted from the reference sequence and
the following sequence is incorporated into KPM316 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM316 and correspond to
bases of the MG1655 genome: T at 2493666 and C at 2494588):

SEQID15:
2493666

TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAACTAAGGAGGATATTCATATGC

2494588

FIG. 12g



U.S. Patent Jun. 30, 2015 Sheet 17 of 105 US 9,068,186 B2
Reference
Pg;?iin Base in | Base in Gene Affected Predicted effect
(MG1655 MG1855 |KPM316
ref)
547694 A G ylbB E to E (silent)
3188791 C T yail Sto S (silent)
3753464 G C aldB TtoT (silent)
3957957 C T No annotated | Unknown effect
feature in
region

FIG. 13
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Escherichia coli KPM318 (msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP
AeptA)

The sequence of the sense strand of the organism is the E coli reference
sequence with the following alterations:

msbAS52 replaces the wild type allele of msbA, wherein a C at 965895 is replaced
by a T, resulting in a Serine instead of Proline at amino acid 18 in the MsbA
protein.

SEQID16:

965844 C>T 965895

ATGCATAACGACAAAGATCTCTCTACGTGGCAGACATTCCGCCGACTGTGGTICAACCATTGC
GCCTTTCAAAGCGGGTCTGATCGTGGCGGGCGTAGCGTTAATCCTCAACGCAGCCAGCGAT
ACCTTCATGTTATCGCTCCTTAAGCCACTTCTTGATGATGGCTTTGGTAAAACAGATCGCTCC
GTGCTGGTGTGGATGCCGCTGGTGGTGATCGGGCTGATGATTTTACGTGGTATCACCAGCT
ATGTCTCCAGCTACTGTATCTCCTGGGTATCAGGAAAGGTGGTAATGACCATGCGTCGCCG
CCTGTTTGGTCACATGATGGGAATGCCAGTTTCATTCTTTGACAAACAGTCAACGGGTACGC
TGTTGTCACGTATTACCTACGATTCCGAACAGGTTGCTTCTTCTTCTTCCGGCGCACTGATTA
CTGTTGTGCGTGAAGGTGCGTCGATCATCGGCCTGTTCATCATGATGTTCTATTACAGTTGG
CAACTGTCGATCATTTTGATTGTGCTGGCACCGATTGTTTCGATTGCGATTCGCGTTGTATCG
AAGCGTTTTCGCAACATCAGTAAAAACATGCAGAACACCATGGGGCAGGTGACCACCAGCG
CAGAACAAATGCTGAAGGGCCACAAAGAAGTATTGATTTTCGGTGGTCAGGAAGTGGAAAC
GAAACGCTTTGATAAAGTCAGCAACCGAATGCGTCTTCAGGGGATGAAAATGGTTTCAGCCT
CTTCCATCTCTGATCCGATCATTCAGCTGATCGCCTCTTTGGCGCTGGCGTTTGTTCTGTAT
GCGGCGAGCTTCCCAAGTGTCATGGATAGCCTGACTGCCGGTACGATTACCGTTGTTTTCTC
TTCAATGATTGCACTGATGCGTCCGCTGAAATCGCTGACCAACGTTAACGCCCAGTTCCAGC
GCGGTATGGCGGCTTGTCAGACGCTGTTTACCATTCTGGACAGTGAGCAGGAGAAAGATGA
AGGTAAGCGCGTGATCGAGCGTGCGACTGGCGACGTGGAATTCCGCAATGTCACCTTTACT
TATCCGGGACGTGACGTACCTGCATTGCGTAACATCAACCTGAAAATTCCGGCAGGGAAGA
CGGTTGCTCTGGTTGGACGCTCTGGTTCGGGTAAATCAACCATCGCCAGCCTGATCACGCG
TTTTTACGATATTGATGAAGGCGAAATCCTGATGGATGGTCACGATCTGCGCGAGTATACCC
TGGCGTCGTTACGTAACCAGGTTGCTCTGGTGTCGCAGAATGTCCATCTGTTTAACGATACG
GTTGCTAACAACATTGCTTACGCACGGACTGAACAGTACAGCCGTGAGCAAATTGAAGAAGC
GGCGCGTATGGCCTACGCCATGGACTTCATCAATAAGATGGATAACGGTCTCGATACAGTG
ATTGGTGAAAACGGCGTGCTGCTCTCTGGCGGTCAGCGTCAGCGTATTGCTATCGCTCGAG
CCTTGTTGCGTGATAGCCCGATTCTGATTCTGGACGAAGCTACCTCGGCTCTGGATACCGAA
TCCGAACGTGCGATTCAGGCGGCACTGGATGAGTTGCAGAAAAACCGTACCTCTCTGGTGA
TTGCCCACCGCTTGTCTACCATTGAAAAGGCAGACGAAATCGTGGTCGTCGAGGATGGTGT
CATTGTGGAACGCGGTACGCATAACGATTTGCTTGAGCACCGCGGCGTTTACGCGCAACTT
CACAAAATGCAGTTTGGCCAATGA

967592

FIG. 14a
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AgutQ

Nucleotides 2827846 to 2828789 are deleted from the reference sequence and
the following sequence is incorporated into KPM318 (the terminal nucleotides,

shown at the ends of the sequence, are present in KPM318 and correspond to
bases of the MG1655 genome: C at 2827845 and G at 2828790):

SEQID17:
2827845

CGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAAGGTCGACGGATCCCCGGAATG

2828790

FIG. 14b

AkdsD

Nucleotides 3339288 to 3340264 are deleted from the reference sequence and
the following sequence is incorporated into KPM318 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM318 and correspond to
bases of the MG1655 genome: T at 3339287and C at 3340265):

SEQID18:
3339287

TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAACTAAGGAGGATATTCATATGC

3340265

FIG. 14c



U.S. Patent Jun. 30, 2015 Sheet 20 of 105 US 9,068,186 B2

ANpxL
(coding sequence of IpxL is complement of the reference nucleic acid strand)

Nucleotides 1114958 to 11155744 are deleted from the reference sequence and
the following sequence is incorporated into KPM318 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM318 and correspond to
bases of the MG1655 genome: C at 1114957 and C at 1115745):

SEQID19:
1114957

CTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTA
TAGGAACTTCGAAGCAGCTCCAGCCTACACC

1115745

FIG. 14d

AlpxM
(coding sequence of IpxM is complement of the reference nucleic acid strand)

Nucleotides 1937303 to 1938151 are deleted from the reference sequence and
the following sequence is incorporated into KPM318 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM318 and correspond to
bases of the MG1655 genome: G at 1937302 and G at 1938152):

SEQID20:
1937302

GTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTA
TAGGAACTTCGAAGCAGCTCCAGCCTACACG

1938152

FIG. 14e
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ApagP

Nucleotides 655780 to 656340 are deleted from the reference sequence and the
following sequence is incorporated into KPM318 (the terminal nucleotides, shown
at the ends of the sequence, are present in KPM318 and correspond to bases of
the MG1655 genome: A at 655779 and G at 656341):

SEQID21:

655779
AGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAACTAAGGAGGATATTCATATGG

656341

FIG. 14f

AlpxP

Nucleotides 2493667 to 2494587 are deleted from the reference sequence and
the following sequence is incorporated into KPM318 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM318 and correspond to
bases of the MG1655 genome: T at 2493666 and C at 2494588):

SEQID22:
2493666

TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAAC
TTCGGAATAGGAACTAAGGAGGATATTCATATGC

2494588
FIG. 14g
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AeptA
(coding sequence is complement of the reference nucleic acid strand)

Nucleotides 4331974 to 4333613 are deleted from the reference sequence and
the following sequence is incorporated into KPM318 (the terminal nucleotides,
shown at the ends of the sequence, are present in KPM318 and correspond to
bases of the MG1655 genome: T at 4331973 and C at 4333614):

SEQID23:
4331973

TCATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAG
TATAGGAACTTCGAAGCAGCTCCAGCCTACACC

4333614

FIG. 14h
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BW30270/pMAL-c2 - uninduced

BW30270/pMAL-c2 — protein extract, induced (3h)
BW30270/pMAL-c2 — culture supernatant, induced (overnight)
KFPM318/pMAL-c2 - uninduced

KPM318/pMAL-c2 — protein extract, induced (3h)
KPM318/pMAL-~cZ — culiure supernatant, induced (overnight)
KPM318-9/pMAL-c2 — uninduced

KPM318-9/pMAL-c2 — protein extract, induced (3h)

9, KPM318-8/pMAL-c2 — culture supematant, induced {(overnight)
10.KPM318-10/pMAL-c2 — uninduced

11. KPM318-10/pMAL-~c2 — protein exiract, induced (3h)

12. KPM318-10/pMAL-c2 — culture supermatant, induced {overnight)
13. KPM318-19/pMAL-c2 — uninduced

14. KPM318-18/pMAL-c2 ~ protein extract, induced (3h)

15 KPM318-19/pMAL-c2 — culture supernatant, induced {overnight)
16. KPM318-23/pMAL-c2 — uninduced

17 . KPM318-23/pMAL-cZ — protein extract, induced (3h)

18. KPM318-23/pMAL-c2 — culture supernatant, induced {overnight)
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10 41 12 13 14 1§ 16 17 18 M

BW30270/pMAL-p2 - uninduced

BW30270/pMAL-pZ — protein exiract, induced (3h)
BW30270/pMAL-p2 — culture supernatant, induced (overnight)
KPM318/pMAL-p2 -~ uninduced

KPM318/pMAL-p2 — protein extract, induced (3h)
KFPM318/pMAL-p2 — cullure supernatant, induced (overnight}
KPM318-9/pMAL-p2 ~ uninduced

KPM318-8/pMAL-p2 — protein exiract, induced (3h)
KFPM318-9/pMAL-p2 ~ culture supermnalant, induced (overnight)
10. KPM318-10/pMAL-p2 — uninduced

T KPM318-10/pMAL-p2 — protein extract, induced (3h)

12 KPM318-10/pMAL-p2 ~ culture supernatant, induced {overmight)
13. KPM318-19/pMAL-pZ — uninduced

14, KPM318-18/pMAL-p2 — prolein exiract, induced {3h)

15. KPM318-19/pMAL-p2 — culture supernatant, induced {overnight)
16. KFPM318-23/pMAL-p2 — uninduced

17 . KPM318-23/pMAL-p2 ~ protein extract, induced (3h)

18. KPM318-23/pMAL-p2 — culture supernatant, induced {overnight)
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M1 % 3 &4 5 & 7T 8 8 0 11 1% 13 14 18 16 17 18 o

E:'.“s\/‘\/30270/p1\/¥ﬁ\§"~c2 - uninduced
BW30270/pMAL-c2 — protein exiract, induced {ovarnight)
BW30270/pMAL-c2 — culture supernatant, induced (overnight)
KPM318/pMAL-c2 - uninduced

KPM318/pMAL-c2 — protein extract, induced {overnight)
KPM318/pMAL-c2 — culture supernatant, induced {overnight)
KPM318-8/pMAL-c2 — uninduced

KPM318-8/pMAL-c2 — prolein extract, induced {overnight)

B R LI I R

KPM318-8/pMAL-c2 — culture supsrmatant, induced (overnight)
10, KPM318-10/pMAL-c2 — uninduced

. KPM318-10/pMAL-c2 —~ protein extract, induced (overnight)

12, KPM318-10/pMAL-c2 ~ culture supernatant, induced {overnight)
13. KPM318-19/pMAL-c2 ~ uninduced

14. KPM318-19/pMAL-c2 —~ protein extraci, induced (overnight)

15, KPM318-19/pMAL-c2 —~ culture supernatant, induced {overnight}
16. KPM318-23/pMAL-c2 — uninduced

17, KPM318-23/pMAL-c2 — protein exdract, induced (overnight)

18, KPM318-23/pMAL-c2 — culture supernatant, induced {overnight)
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BW30270/pMAL-p2 - uninduced

BW30270/pMAL-p2 ~ protein exiradt, induced {overnight)
BW30270/pMAL-p2 - culture supermatant, induced (overnight)
KPM318/pMAL-p2 ~ uninduced

KPMI18/pMAL-p2 — protein axiract, inducad {overnight)

;oo N

KPM318/pMAL-p2 - culturs supamalant, induced {(ovamight)
KPM318-8/pMALR2 — uninducad
KPM318-9/pMAL-pZ - protein exiract, induced {overnight)

© ® N o

KPM318-8/pMAL-p2 — cullure supematant, induced {overnight)
10. KPM318-10/pMAL-p2 ~ uninduced

11, KPM318-10/pMAL-p2 — protein extract, induced {overnight)

12. KPM318-10/pMAL-p2 ~ culture supernatant, induced {overnight)
13. KPM318-18/pMAL-p2 — uninduced

14. KPM318~19/pMAL-pZ ~ protein extract, induced {overnight)

15, KFM318-19/pMAL-~p2 — culture supemalant, induced {overnight)
16, KPM318-23/pMAL-p2 ~ uninduced

17. KPM318-23/pMAL-p2 — protein extract, induced {overnight}

18. KPM318-23/pMAL-p2 - cullure supernatant, inducad (overnight)
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KPM318/pMAL-p2 — culture supernatant, induced (3h}
KP#318-9/pMAL-p2 — uninduced

HPMR18-9/pMAL-p2 — protein extract, induced (3h)
KFM318-8/pMAL-pZ - culture supernatant, induced (3h)
KPM318-10/pMAL-p2 ~ uninduced

KPM318-10/pMAL~pY — protein extract, induced {3h)
KPRZ18-10/pMAL-p2 — culture suparnatant, induced {3h)
KPM218-19/pMAL-p2 — uninduced

KEFM318-19/pMAL-p2 - protein extract, induced {(3h)
KPM318-19/pMAL-p2 — culture supematant, induced {3h)
KPM318-23/pMAL-p2 — uninduced

KPRZ18-23/pMAL-p2 — protein exirac, induced (3h)
KPM318-23/pMAL-p2 ~ culture supematant, induced {3h)
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123458?8%19%

KPM318/plexpress404:51149 -
0. KPM318/plexpressd404:51149 -
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BW30270/plexpressd(4:51148 -
BW30270/plexprassd4(04:51148 -
BW30270/plexpress404:51149 -
BW30270/plexpress4(4:51149 -
BW30270/plexpress404:51140 -
KPM318/plexpressd404:51149 -
KPM318/plexpressd404:51149 -
KPM318/plexpressd(4:51149 -

uninduced
induced (3 h)
induced {6 h)
induced (12 h)
induced (24 h)
uninduced
induced (3 h)
induced (6 h)
induced (12 h)
induced (24 h)
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M 1 2 3 4 5 6 7 & 8 10 M

KPM318-8/pdexpress404:51149 - uninduced
KPM318-9/pdexpraessd(4:51149 - induced (3 h)
KPM318-9/plexpressd04:51149 - induced (6 h)
KPM318-9/plexpressd404:51149 - induced {12 h)
KPM318-9/plexpress404:51149 - induced (24 h)
KPM318-10/pJexpress404:51149 - uninduced
KPM318-10/pdexpress404:51149 - induced (3 h)
KPM318-10/pdexpress404:51149 - induced (G h)
KPM318-10/pJexpress404:51149 - induced (12 h)
10. KPM318-10/pJexpressd404:51149 - induced (24 h)
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KPM318-19/pdexpress4(4:51148 — uninduced
KPM318-18/pdexpress404:51149 - induced (3 h)
KPM318-19/pJexpress404:51149 - induced (6 h)
KPM318-19/pJexpressd04:51149 - induced (12 h)
KPM318-109/plexpress4(4:51148 - induced (24 h)
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BW3OZ?G/pJexpress404:51 15
BW30270/plexpress404:51150 - induced (3 h}
BW30270/pJexpressd04:51150 - induced (6 h)
BW30270/pdexpressd404:51150 - induced (12 h)
BW30270/pdexpress404:51150 ~ induced (24 h)
KPM318/ndexpressd(4:51150 - uninduced
KPM318/pdexpressd04:51150 - induced (3 h)
KPM318/pdexpress404:51150 - induced (8 h)
KPM318/pJlexpress404:51150 - induced (12 h)
0. KPM318/pJexpressd04:51150 - induced (24 h)
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m i 2 3 45 8 785 10 M

KPM318-O/pJexpress404:51150 - uninduced
KPM318-O/plexpress404:51150 - induced (3 h)
KPM318-8/pdexpress404:51150 ~ induced (6 h)
KPM318-9/pdexpress404:51150 - induced (12 h)
KPM318-9/pJexpressd404:51150 - induced (24 h)
KPM318-10/pdexpress404:51150 - uninduced
KPM318-10/pJexpressd404:51150 - induced (3 h)
KPM318-10/pJexpress404:51150 - induced (6 h)
KPM318-10/pldexpress404:51150 - induced {12 h)
0. KPM318-10/plexpress404:51150 - induced (24 h)
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KPM318-19/pJexpressd(4:51150 — uninduced
KPM318-18/pJexpressd04:51150 - induced (3 h)
KPM318-18/pJexpress404:51150 - induced {6 h)
KPM318-19/pdexpress404:51150 -~ induced (12 h)
KPM318-19/pdexpress4(4:51150 - induced (24 h)

kW -

FIG. 49



U.S. Patent

L O0EE B
; A,

¥
S 1.00E+0
k3]

&

1.00E+05 ¥

%
b
3
b
%
o
PR
& %
e ‘5‘:;
LY

Jun. 30, 2015

Sheet 60 of 105

1. O008+04

Tiene fit]

FiG. 50

US 9,068,186 B2

g

10

=
e

8

._._._.%-.._._._. GEL’JS‘{“ i:
e YRR



U.S. Patent Jun. 30, 2015 Sheet 61 of 105

A e B U T o A

US 9,068,186 B2

BW30270/plexpressd404:51150 — uninduced
BW30270/plexpressd04:51150 - induced (3 h)
BWa0270/plexpressd4:51150 - induced (6 h}
BW30270/plexpress404:51150 - induced (12 h)
BW30270/pdexpress404:51150 - induced (24 h)
KPM318/pdexpress404:51150 ~ uninduced
KPM318/pdexpress404:51150 ~ induced (3 h)
KPM318/pJexpress404:51150 - induced {6 h}
KPM318/plexpressd04:51150 - induced (12 h)

0. KPM318/plexpress404:51150 - induced {24 h)
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KPM318-8/plexpress404:51150 - uninduced
KPM318-8/plexpress4(4:51150 - induced (3 h)
KPM318-9/pdexpress404:51150 - induced (6 h)
KPM318-9/pJexpressd04:51150 - induced (12 h)
KPM318-8/pJexpress404:51150 - induced (24 h)
KPM318-10/pJexpress404:51150 - uninduced
KPM318~-10/pJexpress404:51150 - induced (3 h)
KPM318-10/pldexpress404:51150 - induced (6 h)
KPM318-10/pdexpress404:51150 - induced (12 h)
0. KPM318-10/pJexpress404:51150 ~ induced (24 h)
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KPM318-19/plexpress4(4:51150 — uninduced
KPM318-19/pdexpress404:51150 - induced (3 h)
KPM318-19/pJexpressd(4:51150 - induced (6 h)
KPM318-19/pJexpressd404:51150 - induced {12 h)
KPM318-19/plexpress404:51150 - induced {24 h)
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BW30270/pdexpressd404:51149 ~ uninduced
BW30270/pdexpress404:51149 - induced (3 h)
BW30270/pJexpress404:51149 - induced (8 h)
BW30270/plexpress404:51149 - induced (12 h)
BW30270/pdexpressd404:51149 -~ induced (24 h)
KPM318/pJlexpressd04:51149 - uninduced
KPM318/pdexpress404:51149 - induced {3 h}
KPM318/pdexpress404:51149 - induced (6 h)
KPM318/pJexpress404:51148 - induced (12 h}
0. KPM318/pJexpressd404:51149 - induced {24 h)
FIG. 54
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M 1 2 3 4 &8 6 7 8 38 180 M

KPM318-8/pdexpraess404:51148 - uninduced
KPM318-9/pdexpress404:51149 - induced (3 h)
KPM318-9/pJexpressd404:51149 - induced (6 h)
KPM318-9/pJlexpress404:51149 - induced (12 h)
KPM318-8/plexpressd4(4:51148 - induced (24 h)
KPM318-10/pJexpress404:51149 - uninduced
KPM318-10/plexpress4(4:51148 - induced (3 h)
KPM318-10/pdexpress4(4:51148 - induced (6 h)
KPM318-10/pdexpress404:51149 - induced (12 h)
0. KPM318-10/pJexpressd404:51149 - induced (24 h)
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M1 2 3 4 5 M

KPM318-19/pJexpressd404:51149 — uninduced
KPM318-19/pJexprassd4(04:51149 - induced (3 h)
KPM318-19/pdexpress404:51148 - induced (6 h)
KPM318-19/plexpress404:51149 - induced (12 h)
KPM318-19/pdexpress404:51149 - induced (24 h)
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KPM318/pdexpressd404:51150 -
0. KPM318/pdexpress404:51150 -

“@WﬁQWP"WN:“‘

BW30270/plexpress404:51150 -
BW30270/plexpress404:51150 -
BW30270/pdexpress404:51150 -
BW30270/pJexpress404:51150 -
BW30270/plexpressd404:51150 -
KPM318/pJexpress404:51150 -
KPM318/pJexpress404:51150 -
KPM318/pdexpressd4:51150 -

uninduced
induced (3 h)
induced (6 h)
induced (12 h)
induced (24 h)
uninduced
induced (3 h)
induced (6 h}
induced {12 h}
induced (24 h)
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M1 2 3 4 & & 7 & S 10 M

KPM318-8/pdexpress404:51150 - uninduced
KPM318-8/pdexpress404:51150 - induced (3 h)
KPM318-8/plexpressd404:51150 ~ induced (6 h)
KPM318-9/pJexpress404:51150 - induced (12 h)
KPM318-9/pdexpressd4(4:51150 - induced (24 h)
KPM318-10/pJexpress404:51150 - uninduced
KPM318-10/plexpress4(34:51150 - induced (3 h)
KPM318-10/pdexpress404:51150 - induced (6 h)
KPM318-10/pdexpress404:51150 - induced (12 h)
0. KPM318-10/pdexpressd404:51150 - induced (24 h)
FIG. 58
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M1 2 3 4 & M

KPM318-19/pJexpress44:51150 — uninduced
KPM318-19/pJexpraessd404:51150 - induced (3 h)
KPM318-19/pldexpress404:51150 - induced (6 h)
KPM318-19/plexpress404:51150 - induced (12 h)
KPM318-19/pdexpress404:51150 -~ induced (24 h)
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BW30270/plexpress404:51150 — uninduced
BW30270/plexpressd04:51150 - induced (3 h)
BW30270/plexpressd404:51150 - induced (6 h)
BW30270/pdexpressd04:51150 ~ induced (12 h)
BW30270/pJexpressd04:51150 - induced (24 h)
KPM318/pdexpressd04:51150 - uninduced
KPM318/pdexpress404:51150 -~ induced (3 h)
KPM318/pJexpressd404:51150 - induced (B h)
KPM318/pJexpressd04:51150 - induced (12 h)
0. KPM318/plexpress404:51150 - induced {24 h)
FIG. 60
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KPM318-9/pJexpressd404:51150 - uninduced
KPM318-9/plexpress404:51150 - induced (3 h)
KPM318-O/plexpress404:51150 - induced (6 h)
KPM318-9/pJexpressd404:51150 - induced (12 h)
KPM318-9/pdexpress404:51150 - induced (24 h)
KPM318-10/pdexpress4(4:51150 - uninduced
KPM318-10/pdexpress404:51150 ~ induced (3 h)
KPM318-10/pJexpressd404:51150 - induced (B h)
KPM318-10/pJexpress404:51150 - induced {12 h)
0. KPM318-10/pdexpress404:51150 - induced (24 h)
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KPM318-189/plexpraessd404:51150 — uninduced
KPM318-19/pJexpress404:51150 - induced (3 h)
KPM318-19/pdexpress404:51150 - induced (6 h)
KPM318-19/pJexpress404:51150 - induced (12 h)
KPM318-18/plexpress404:51150 - induced (24 h)
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£, coli TOP0/pMAKTOS Km® CATMUT E. cofi TOP10/pMAKTES Km® CATMUT

L8+ 3¢ pyid Banamyain LB+ %0 gyt ianamyin © 15 potat ahiormmbanioal

E. cofi XL1-Bluc/pMAKTOS Kot CATMUT £ colf XL1-Blue/pMAKYDS Km® CATMUT

LB + 30 it Banamys L2+ 30 poiot Kasmmycin 18 fipimd ohdorsmbmiiont

FIG. 67



U.S. Patent Jun. 30, 2015 Sheet 78 of 105 US 9,068,186 B2

Table 1. Examples of E. coli sirains constructed.

Strain Description
KPM274 KPM22 AeprasKom™ AeptAsKm' dosor strain
KPM279 KEM22 AlpsLoRm™s Alpad: K™ donor strain
KPM2R0 KPM22 AfpaMcKan™ Adpxal K donor straia
KPM281 KPM22 AlpxL
KPM282 KPEM22 Alpedd
KPM288 KPM22 L1 AlprfoKm©
BPM290 KPM22 L1 AlpxLKm®
KPM296 KEM22 L1 Adpxd
KPM296-6 42°C-reststant devivative of KPM296
KPM300 KPM22 L1 Alpxl Alped:Kio®
KPM3)3 KEM22 LI Alpxd Alpe

BW30270 AlpxPs Km®™ LE. celi K-12 wild-type: Alpafs: K™ donor strain

BW30270 Apagh K™ [E. coli K-12 wild-type: ApagP: Km'™ donor strain

KPM310 KPM22 L1 Alpxl AlpxM ApagPn Kn®

KPM312 KPM22 LI Mpsd. AlpxsM ApagP

KpwM3i4 KPM22 111 Alpxd, AlpsM Apagh AlpxP €m?
KPM316 KPMI2 L1 Alpxel Adpxd ApogP AlpxP

KPM317 KPM22 LIt Alpxd AlpsM ApagP AlpxP AeprdrKm®
KPM318 KPMZ2 L11 Alpxd AlpsM ApagP AlpxP Aeptd

FIG. 68
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Table 2. ESI FT-ICR MS peak list of glycoforms detected in £. cofi KPM318.

s, Mazs v} Cole, Mass Pu Chewmicad Composition Leiveeform.
IS4L4065 33443041 1% Gal 3 Gle 4% Hep I* Kdo 4 F 1% PEN i SEQID20
IIAAIF ISIEINTS 1% Gt 2* Gl 3 Hep 3% Kdo 4P 1# P-EQ? 1% Rba i SEQIDZ1
1% Gal 3% Glo 4% Hep 1% Fds 4% P 1¥ P-EN 1+ Ne I SEQID22
1% Gt 2% Gle 3% Hep 3 Ko 45 B {* PE 12 Rba 1¢ M2 5 SEQHDZ3
3624.3504 1* Gal 3 Gio 4% Hep 7° Kdo ¥ P 1% PEN 1 SEQID24
3624465 15GileNAC ¥ Gl 3% Gie 4% Hep 2% Kdo 4°F i1 SEQIDZS
3BT 1* Gab 34 Gie 3% Hep 2% Ko 5+ F 17 BN 1% Ms 1 SEQID26
TGENAC 1¥ Gal 3% Gic 4% Hep P+ Kds 5 F 14 N2 i SEQDZT

36383357 1% Gab 7+ Gl 3% Hep 3 Kdo 5* P 1" P-F2 1*Fhs 1¥Ma w SEQID2Z3
AT 17 Gl 3% Gl 4% Hep 7 Koo 3¥ P 1V PEN s SEGQHDZY
i Gat 3% Ghe 4% Hap 2% Kdo 3* P i SEQID30

¥748.3038 1% Gal 3% Gl 4% Hep 7+ Ko 3¥ P T+ Na i SEQID31
1% Gal 3 Gl 4 Hep 2% Kdo 4° P 1* PRV 1] SEQID32
1% Gal 2% {He 3¥ Hep 32 Kdo 4% F 1% PEN 1% Rba 1% Hens 1% Acadd SEQID33
1% Gcl 2 Gle 3% Hap 3% Kdo 5P 1* REN 1* HexA 1% AnadN SEQID34
1% el 3* Glo 4% Hep 2% Kdo S* P I* PPN 17 Sradd SEQHD3S

FIG. 69



U.S. Patent Jun. 30, 2015 Sheet 80 of 105 US 9,068,186 B2

Table 3. Optical density and cell number of the bacterial suspensions

immediately before the induction with IPTG.

Optical density (ODggo)
Cell number
. immediately before the
Strain ] i (cfu/ml)
induction
BW30270/pJexpress404:51149 0.519 N.D.
KPM318/pJexpress404:51149 0.540 N.D.
KPM318-9/pJexpress404:51149 0.603 4.7 x 107
KPM318-10/pJexpress404:51149 0.566 9.2x10"
KPM318-19/pJexpress404:51149 0.539 1.3 x 10°
BW30270/pJexpress404:51150 0.555 8.0 x 10°
KPM318/pJexpress404:51150 0.548 6.4 x 10"
KPM318-9/pJexpress404:51150 0.600 7.1x10"
KPM318-10/pJexpress404:51150 0.601 8.5x 107
KPM318-19/pJexpress404:51150 0.633 1.5 x 10°
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Table 4. Optical density and cell number of the bacterial suspensions after 3 hr

of induction.
Optical density (ODgge) | Cell number

Strain 3 h post-induction (cfu/ml)
BW30270/pJexpress404:51149 2.66 N.D.
KPM318/pJexpress404:51149 2.89 N.D.
KPM318-9/pJexpress404:51149 2.76 7.4 x10°
KPM318-10/pJexpress404:51149 2.73 7.8 x10°
KPM318-19/pJexpress404:51149 1.73 7.8x10°
BW30270/pJexpress404:51150 1.73 1.0 x 10°
KPM318/pJexpress404:51150 2.04 3.9x 107
KPM318-9/pJexpress404:51150 1.93 4.4 x 107
KPM318-10/pJexpress404:51150 1.86 7.2x107
KPM318-19/pJexpress404:51150 1.49 1.0 x 10°

FIG. 71
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Table 5. Optical density and cell number of the bacterial suspensions after 6 hr

of induction.
Optical density (ODggo) | Cell number

Strain 6 hr post-induction (cfu/ml)
BW30270/pJexpress404:51149 4.85 N.D.

KPM318/pJexpress404:51149 4.99 N.D.

KPM318-9/pJexpress404:51149 4.77 9.6 x 10°
KPM318-10/pJexpress404:51149 4.61 2.0 x 10°
KPM318-19/pJexpress404:51149 3.59 2.7 x 10°
BW30270/pJexpress404:51150 2.57 3.5x 10’
KPM318/pJexpress404:51150 3.32 2.1x107
KPM318-9/pJexpress404:51150 3.42 2.3 x 10°
KPM318-10/pJexpress404:51150 3.39 1.9 x 107
KPM318-19/pJexpress404:51150 2.38 2.3 x 10°

FIG. 72
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Table 6. Optical density and cell number of the bacterial suspensions after 12 hr

of induction.
Optical density (ODggo) | Cell number

Strain 12 hr post-induction (cfu/ml)
BW30270/pJexpress404:51149 8.73 N.D.
KPM318/pJexpress404:51149 8.74 N.D.
KPM318-9/pJexpress404:51149 9.08 6.9 x 10°
KPM318-10/pJexpress404:51149 9.10 8.7 x 10°
KPM318-19/pJexpress404:51149 6.15 2.2x10’
BW30270/pJexpress404:51150 6.80 1.0x 10"
KPM318/pJexpress404:51150 7.59 1.0x10°
KPM318-9/pJexpress404:51150 7.44 3.1x10°
KPM318-10/pJexpress404:51150 7.75 4.1 x10*
KPM318-19/pJexpress404:51150 4.63 5.8 x 10’

FIG. 73



U.S. Patent Jun. 30, 2015 Sheet 84 of 105 US 9,068,186 B2

Table 7. Optical density and cell number of the bacterial suspensions after 24 hr

of induction.

Optical density (ODggo) Cell number
Strain 24 hr post-induction (cfu/ml)
BW30270/pJexpress404:51149 12.95 N.D.
KPM318/pJexpress404:51149 11.85 N.D.
KPM318-9/pJexpress404:51149 10.50 3.0x 10°
KPM318-10/pJexpress404:51149 10.90 to the 10° dilut.; -
KPM318-19/pJexpress404:51149 7.75 1.0 x 107
BW30270/pJexpress404:51150 10.00 5.0x10°
KPM318/pJexpress404:51150 13.75 4.2 x 10
KPM318-9/pJexpress404:51150 12.30 2.4 x 10
KPM318-10/pJexpress404:51150 14.20 2.0x 107
KPM318-19/pJexpress404:51150 7.50 2.0x10°

FIG. 74
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Table 8. Determination of the amount of culture media obtained from cells

immediately before the induction with IPTG.

Optical density (ODgoo) Culture
Strain immediately before the | medium (pl)
induction

BW30270/pJexpress404:51150 0.555 9.9
KPM318/pJexpress404:51150 0.548 10.0
KPM318-9/pJexpress404:51150 0.600 9.1
KPM318-10/pJexpress404:51150 0.601 9.1
KPM318-19/pJexpress404:51150 0.633 8.7

FIG. 75
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Table 9. Determination of the amount of culture media obtained from cells

after 3 hr of induction.

Optical density (ODggo) Culture
Strain 3 hr post-induction medium (ul)
BW30270/pJexpress404:51150 1.73 8.6
KPM318/pJexpress404:51150 2.04 7.3
KPM318-9/pJexpress404:51150 1.93 7.7
KPM318-10/pJexpress404:51150 1.86 8.0
KPM318-19/pJexpress404:51150 1.49 10.0

FIG. 76
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Table 10. Determination of the amount of culture media obtained from cells

after 6 hr of induction.

Optical density (ODggo) Culture
Strain 6 hr post-induction medium (pl)
BW30270/pJexpress404:51150 2.57 9.3
KPM318/pJexpress404:51150 3.32 7.2
KPM318-9/pJexpress404:51150 3.42 7.0
KPM318-10/pJexpress404:51150 3.39 7.0
KPM318-19/pJexpress404:51150 2.38 10.0

FIG. 77
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Table 11. Determination of the amount of culture media obtained from cells

after 12 hr of induction.

Optical density (ODggo) Culture
Strain 12 hr post-induction | medium (pl)
BW30270/pJexpress404:51150 6.80 6.8
KPM318/pJexpress404:51150 7.59 6.1
KPM318-9/pJdexpress404:51150 7.44 6.2
KPM318-10/pJexpress404:51150 7.75 6.0
KPM318-19/pJexpress404:51150 4.63 10.0

FIG. 78
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Table 12. Determination of the amount of culture media obtained from cells

after 24 hr of induction.

Optical density (ODggo) Culture
Strain 24 hr post-induction medium (ul)
BW30270/pJexpress404:51150 10.00 7.5
KPM318/pJexpress404:51150 13.75 54
KPM318-9/pJexpress404:51150 12.30 6.1
KPM318-10/pJexpress404:51150 14.20 5.3
KPM318-19/pJexpress404:51150 7.50 10.0

FIG. 79
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Table 13. Number of electrocompetent cells.

Cell number

Strain (cfu/ml)
BW30270 7.3 x 108
KPM318 (LB) 4 x10°

KPM318 (LB A5P/G6P) | 1.1 x 10°

FIG. 80
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Table 14. Transformation efficiencies for E. coli strains BW30270, KPM318 (LB)
and KPM318 (LB A5P/G6P).

Transformation

efficiency (cfu/pg
Strain oMAL-c2 DNA)
BW30270 1.06 x 107
KPM318 (LB) 3.64 x 10°
KPM318 (LB A5P/G6P) 2.51 x 107

FIG. 81
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Table 15. Transformation efficiencies for E. coli strains KPM318-9, KPM318-10,
KPM318-19, and KPM318-23.

Transformation efficiency | Transformation efficiency
Strain (cfulug pMAL-c2 DNA) (cfulug pMAL-p2 DNA)
KPM318-9 3.44 x 107 7.12 x 107
KPM318-10 2.33x 10’ 2.78 x 10’
KPM318-19 1.29 x 10° 1.40 x 10°
KPM318-23 1.08 x 10* 8.20 x 10°

FIG. 82
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Table 16. Yields of plasmids pMAL-c2 and pMAL-p2 isolated from E. coli strains
BW30270, KPM318, KPM318-9, KPM318-10, KPM318-19, and

KPM318-23.
Yield of pMAL-c2 Yield of pMAL-p2
Strain (Mg DNAJS ml culture) (Mg DNAJ/5S ml culture)
BW30270 1.36 3.04
KPM318 0.76 0.92
KPM318-9 1.6 1.44
KPM318-10 1.28 1.2
KPM318-19 0.88 0.92
KPM318-23 0.48 0.28

FIG. 83
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Table 17. Calculation of the amount of the recipient (BW30270 and KPM318) to
add to 500 pl of the donor (JC19022 F'121 Tn10).

ODgoo Amount of the recipient in pl

Strain to add to 500 pl of the donor
JC19022 F'121 Tn10 (25 pi) 0.019 -

JC19022 F'121 Tn10 (50 pl) 0.035 -

JC19022 F121 Tn10 (100 pi) 0.07 -

JC18023 F i 7000 KEE -

BW30270 (25 yl) 0.264 210 ul

BW30270 (50 ul) 0.432 -

BW30270 (100 pli) 0.697 -

BW30270 (200 pl) 1.008 -

KPM318 (25 l) 0.055 -

KPM318 (50 ul) 0.109 509 pl

KPM318 (100 ul) 0.212 -

KPM318 (200 ul) 0.372 -

FIG. 84
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Table 18. Calculation of the amount of the recipient (KPM318-9, KPM318-10,
KPM318-19, and KPM318-23) to add to 500 pl of the donor (JC19022 F'121
Tn10).

ODgoo Amount of the recipient in pl

Strain to add to 500 yl of the donor
JC19022 F 121 Tn10 (25 pl) 0.035 -
JC19022 F'121 Tn10 (50 i) 0.048 -
JC19022 F 121 Tn10 (100 ul) 0.105 -
JC19022 F'121 Tn10 (200 ul) 0.163 -
KPM318-9 (25 i) 0.117 449 pl
KPM318-9 (50 pl) 0.226 -
KPM318-9 (100 pl) 0.352 -
KPM318-9 (200 pl) 0.654 -
KPM318-10 (25 pl) 0.134 392 ul
KPM318-10 (50 ul) 0.244 -
KPM318-10 (100 pl) 0.446 -
KPM318-10 (200 pl) 0.710 .
KPM318-19 (25 pl) 0.029 -
KPM318-19 (50 pl) 0.068 -
KPM318-1¢ | 0.131 401 pl
KPM318-19 (200 pl) 0.245 -
KPM318-23 (25 pl) 0.127 413 ul
KPM318-23 (50 pl) 0.241 -
KPM318-23 (100 pl) 0.430 -
KPM318-23 (200 pl) 0.737 -

FIG. 85
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Table 19. Optical densities (ODgyp) of the strains immediately before the

M13KO7 infection.

Strain ODggo immediately before the
M13KO7 infection
BW30270 (control) 0.717
JC19022 (F'121 Tn10) - control 0.559
KPM318 (control) 0.344
BW30270 (F'121 Tn10)-1 0.581
BW30270 (F'121 Tn10)-2 0.574
BW30270 (F'121 Tn10)-3 0.600
BW30270 (F'121 Tn10)-4 0.623
KPM318 (F"121 Tn10)-4 0.410
KPM318 (F'121 Tn10)-6 0.178
KPM318 (F'121 Tn10)-7 0.174
KPM318 (F"121 Tn10)-8 0.157
KPM318-9 (F121 Tn10)-1 0.128
KPM318-9 (F'121 Tn10)-2 0.246
KPM318-9 (F'121 Tn10)-3 0.098
KPM318-9 (F'121 Tn10)-4 0.261
KPM318-10 (F'121 Tn10)-1 0.111
KPM318-10 (F"121 Tn10)-3 0.289
KPM318-10 (F'121 Tn10)-4 0.166
KPM318-10 (F121 Tn10)-5 0.406
KPM318-19 (F'121 Tn10)-6* 0.136
KPM318-23 (F'121 Tn10)-1 0.219
KPM318-23 (F'121 Tn10)-2 0.328
KPM318-23 (F'121 Tn10)-3 0.280
KPM318-23 (F'121 Tn10)-5 0.252

FIG. 86
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Table 20. Number of kanamycin-resistant colonies following infection of potential

F"121 Tn10 transconjugants with M13KO7 helper phage.

Strain Number of kanamycin-resistant
colonies (cfu/mil)

BW30270 (control) 0
JC19022 (F*121 Tn10) - control 2.8x10°
KPM318 (control) 8.5 x 10°
BW30270 (F' 121 Tn10)-1 2.7 x10°
BW30270 (F 121 Tn10)-2 1.0 x 10°
BW30270 (F'121 Tn710)-3 2.1 x10°
BW30270 (F' 121 Tn10)-4 1.7 x 10°
KPM318 (F'121 Tn10)-4 4.2 x10*
KPM318 (F'121 Tn10)-6 55x10°
KPM318 (F'121 Tn10)-7 44x10°
KPM318 (F'121 Tn10)-8 6.4 x 10°
KPM318-9 (F'121 Tn10)-1 1.4 x 107
KPM318-9 (F'121 Tn10)-2 4.1 x10°
KPM318-9 (F'121 Tn10)-3 3.8 x 107
KPM318-9 (F'121 Tn10)-4 5.6 x 10’
KPM318-10 (F" 121 Tn10)-1 3.6x10°
KPM318-10 (F121 Tn10)-3 7.6 x 10*
KPM318-10 (F'121 Tn10)-4 6.5 x 107
KPM318-10 (F'121 Tn10)-5 7.8x10°
KPM318-19 (F'121 Tn10)-6 6.4 x 10°
KPM318-23 (F121 Tn10)-1 9.8 x10°
KPM318-23 (F'121 Tn10)-2 3.7x 10’
KPM318-23 (F'121 Tn10)-3 1.0 x 107
KPM318-23 (F'121 Tn10)-5 2.3x10°

FIG. 87
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Table 21: Sequences referred to in this application.
SEQID No. | Amino Acid Sequence

SEQID1 ATATGGATCCTTACATGGCGATAGCTAGACTGG

SEQID2 ATATAAGCTTGAAGAACTCCAGCATGAGATCC

SEQID3 GAGAAAAAAATCACTGGATATACCTAGGTTGATATATCCCAATGGCA

SEQID4 CAGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATC

SEQID5 GTCGATAAGCTGATTACCGACGC

SEQID6 GTGAAACTATTCGTCAGGCACTGG

SEQID7 CTACTGCGTATGCATTGCAG

SEQID8 TCGTAATCTTCTGCCGTAGC

SEQID9 ATGCATAACGACAAAGATCTCTCTACGTGGCAGACATTCCGCCGACTGTGGICAACC

ATTGCGCCTTTCAAAGCGGGTCTGATCGTGGCGGGCGTAGCGTTAATCCTCAACGCA
GCCAGCGATACCTTCATGTTATCGCTCCTTAAGCCACTTCTTGATGATGGCTTTGGTA
AAACAGATCGCTCCGTGCTGGTGTGGATGCCGCTGGTGGTGATCGGGCTGATGATT
TTACGTGGTATCACCAGCTATGTCTCCAGCTACTGTATCTCCTGGGTATCAGGAAAG
GTGGTAATGACCATGCGTCGCCGCCTGTTTGGTCACATGATGGGAATGCCAGTTTCA
TTCTTTGACAAACAGTCAACGGGTACGCTGTTGTCACGTATTACCTACGATTCCGAAC
AGGTTGCTTCTTCTTCTTCCGGCGCACTGATTACTGTTGTGCGTGAAGGTGCGTCGA
TCATCGGCCTGTTCATCATGATGTTCTATTACAGTTGGCAACTGTCGATCATTTTGATT
GTGCTGGCACCGATTGTTTCGATTGCGATTCGCGTTGTATCGAAGCGTTTTCGCAAC
ATCAGTAAAAACATGCAGAACACCATGGGGCAGGTGACCACCAGCGCAGAACAAAT
GCTGAAGGGCCACAAAGAAGTATTGATTTTCGGTGGTCAGGAAGTGGAAACGAAACG
CTTTGATAAAGTCAGCAACCGAATGCGTCTTCAGGGGATGAAAATGGTTTCAGCCTC
TTCCATCTCTGATCCGATCATTCAGCTGATCGCCTCTTTGGCGCTGGCGTTTGTTCTG
TATGCGGCGAGCTTCCCAAGTGTCATGGATAGCCTGACTGCCGGTACGATTACCGTT
GTTTTCTCTTCAATGATTGCACTGATGCGTCCGCTGAAATCGCTGACCAACGTTAACG
CCCAGTTCCAGCGCGGTATGGCGGCTTGTCAGACGCTGTTTACCATTCTGGACAGTG
AGCAGGAGAAAGATGAAGGTAAGCGCGTGATCGAGCGTGCGACTGGCGACGTGGA
ATTCCGCAATGTCACCTTTACTTATCCGGGACGTGACGTACCTGCATTGCGTAACATC
AACCTGAAAATTCCGGCAGGGAAGACGGTTGCTCTGGTTGGACGCTCTGGTTCGGG
TAAATCAACCATCGCCAGCCTGATCACGCGTTTTTACGATATTGATGAAGGCGAAATC
CTGATGGATGGTCACGATCTGCGCGAGTATACCCTGGCGTCGTTACGTAACCAGGTT
GCTCTGGTGTCGCAGAATGTCCATCTGTTTAACGATACGGTTGCTAACAACATTGCTT
ACGCACGGACTGAACAGTACAGCCGTGAGCAAATTGAAGAAGCGGCGCGTATGGCC
TACGCCATGGACTTCATCAATAAGATGGATAACGGTCTCGATACAGTGATTGGTGAAA
ACGGCGTGCTGCTCTCTGGCGGTCAGCGTCAGCGTATTGCTATCGCTCGAGCCTTG
TTGCGTGATAGCCCGATTCTGATTCTGGACGAAGCTACCTCGGCTCTGGATACCGAA
TCCGAACGTGCGATTCAGGCGGCACTGGATGAGTTGCAGAAAAACCGTACCTCTCTG
GTGATTGCCCACCGCTTGTCTACCATTGAAAAGGCAGACGAAATCGTGGTCGTCGAG
GATGGTGTCATTGTGGAACGCGGTACGCATAACGATTTGCTTGAGCACCGCGGCGTT
TACGCGCAACTTCACAAAATGCAGTTTGGCCAATGA
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SEQID10 CGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAAGGTCGACGGATCCCCGGAATG

SEQID11 TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAACTAAGGAGGATATTCATATGC

SEQID12 CTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA
CTTCGAAGCAGCTCCAGCCTACACC
SEQID13 GTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA
CTTCGAAGCAGCTCCAGCCTACACG

SEQID14 AGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAACTAAGGAGGATATTCATATGG

SEQID15 TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAACTAAGGAGGATATTCATATGC

SEQID16 ATGCATAACGACAAAGATCTCTCTACGTGGCAGACATTCCGCCGACTGTGGICAACC
ATTGCGCCTTTCAAAGCGGGTCTGATCGTGGCGGGCGTAGCGTTAATCCTCAACGCA
GCCAGCGATACCTTCATGTTATCGCTCCTTAAGCCACTTCTTGATGATGGCTTTGGTA
AAACAGATCGCTCCGTGCTGGTGTGGATGCCGCTGGTGGTGATCGGGCTGATGATT
TTACGTGGTATCACCAGCTATGTCTCCAGCTACTGTATCTCCTGGGTATCAGGAAAG
GTGGTAATGACCATGCGTCGCCGCCTGTTTGGTCACATGATGGGAATGCCAGTTTCA
TTCTTTGACAAACAGTCAACGGGTACGCTGTTGTCACGTATTACCTACGATTCCGAAC
AGGTTGCTTCTTCTTCTTCCGGCGCACTGATTACTGTTGTGCGTGAAGGTGCGTCGA
TCATCGGCCTGTTCATCATGATGTTCTATTACAGTTGGCAACTGTCGATCATTTTGATT
GTGCTGGCACCGATTGTTTCGATTGCGATTCGCGTTGTATCGAAGCGTTTTCGCAAC
ATCAGTAAAAACATGCAGAACACCATGGGGCAGGTGACCACCAGCGCAGAACAAAT
GCTGAAGGGCCACAAAGAAGTATTGATTTTCGGTGGTCAGGAAGTGGAAACGAAACG
CTTTGATAAAGTCAGCAACCGAATGCGTCTTCAGGGGATGAAAATGGTTTCAGCCTC
TTCCATCTCTGATCCGATCATTCAGCTGATCGCCTCTTTGGCGCTGGCGTTTGTTCTG
TATGCGGCGAGCTTCCCAAGTGTCATGGATAGCCTGACTGCCGGTACGATTACCGTT
GTTTTCTCTTCAATGATTGCACTGATGCGTCCGCTGAAATCGCTGACCAACGTTAACG
CCCAGTTCCAGCGCGGTATGGCGGCTTGTCAGACGCTGTTTACCATTCTGGACAGTG
AGCAGGAGAAAGATGAAGGTAAGCGCGTGATCGAGCGTGCGACTGGCGACGTGGA
ATTCCGCAATGTCACCTTTACTTATCCGGGACGTGACGTACCTGCATTGCGTAACATC
AACCTGAAAATTCCGGCAGGGAAGACGGTTGCTCTGGTTGGACGCTCTGGTTCGGG
TAAATCAACCATCGCCAGCCTGATCACGCGTTTTTACGATATTGATGAAGGCGAAATC
CTGATGGATGGTCACGATCTGCGCGAGTATACCCTGGCGTCGTTACGTAACCAGGTT
GCTCTGGTGTCGCAGAATGTCCATCTGTTTAACGATACGGTTGCTAACAACATTGCTT
ACGCACGGACTGAACAGTACAGCCGTGAGCAAATTGAAGAAGCGGCGCGTATGGCC
TACGCCATGGACTTCATCAATAAGATGGATAACGGTCTCGATACAGTGATTGGTGAAA
ACGGCGTGCTGCTCTCTGGCGGTCAGCGTCAGCGTATTGCTATCGCTCGAGCCTTG
TTGCGTGATAGCCCGATTCTGATTCTGGACGAAGCTACCTCGGCTCTGGATACCGAA
TCCGAACGTGCGATTCAGGCGGCACTGGATGAGTTGCAGAAAAACCGTACCTCTCTG
GTGATTGCCCACCGCTTGTCTACCATTGAAAAGGCAGACGAAATCGTGGTCGTCGAG
GATGGTGTCATTGTGGAACGCGGTACGCATAACGATTTGCTTGAGCACCGCGGCGTT
TACGCGCAACTTCACAAAATGCAGTTTGGCCAATGA

FIG. 88 cont.
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SEQID17 CGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAAGGTCGACGGATCCCCGGAATG

SEQID18 TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAACTAAGGAGGATATTCATATGC

SEQID19 CTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA
CTTCGAAGCAGCTCCAGCCTACACC
SEQID20 GTATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA
CTTCGAAGCAGCTCCAGCCTACACG

SEQID21 AGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAACTAAGGAGGATATTCATATGG

SEQID22 TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGG
AATAGGAACTAAGGAGGATATTCATATGC

SEQID23 TCATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGG
AACTTCGAAGCAGCTCCAGCCTACACC

FIG. 88 cont.
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VIABLE GRAM NEGATIVE BACTERIA
LACKING OUTER MEMBRANE AGONISTS
OF TLR4/MD-2

CROSS REFERENCE

The present application is a non-provisional application
claiming priority to U.S. Provisional Patent Application Ser.
No. 61/313,562, filed Mar. 12, 2010, the disclosure of which
is incorporated in its entirety herein by reference.

FIELD OF THE INVENTION

The present invention is directed to Gram-negative bacteria
substantially lacking a ligand that acts as an agonist of TLR4/
MD-2. The present invention is also directed to methods of
generating such Gram-negative bacteria and uses thereof.

BACKGROUND OF THE INVENTION

Lipopolysaccharide (LPS) is the main outer membrane
surface-associated component in Gram-negative bacteria and
is associated with an array of pathological and physiological
activities in mammalian host immune responses. LPS-medi-
ated toxicity caused by these bacteria is generally due to lipid
A, the hydrophobic moiety of LPS, which can function as an
agonist of Toll-like receptor 4 (TLR4)/MD-2. Lipid A com-
prises two glucosamine residues with six acyl chains
attached.

Kdo (3-deoxy-p-manno-octulosonate) is considered an
essential component of LPS, and it is believed that the mini-
mal LPS structure required for growth of E. coli is two Kdo
residues attached to lipid A (Kdo,-lipid A). Biosynthesis of
Kdo begins with API (p-arabinose S-phosphate isomerase),
which coverts D-ribulose 5-phosphate (RuSP) into ASP
(p-arabinose S-phosphate). In E. coli K-12, there are two API
genes, kdsD and gutQ. Next, ASP is condensed with phos-
phoenolpyruvate (PEP) to form Kdo 8-phosphate (Kdo8P),
which is then hydrolyzed forming Kdo. Kdo is subsequently
activated as the sugar nucleotide CMP-Kdo, which is ulti-
mately transferred to lipid IV, forming Kdo,-lipid IV ;. The
Kdo-dependent acyltransferases LpxL. and LpxM transfer
laurate and myristate, respectively, to Kdo,-lipid IV, to form
Kdo,-lipid A.

The strain E. coli K-12 TCM15, which has both API genes
(kdsD and gutQ) deleted and thus lacks Kdo, is not viable
unless supplied with exogenous ASP (e.g., see Meredith and
Woodard, Identification of GutQ from Escherichia coli as a
D-arabinose 5-phosphate isomerase, J Bacteriol 187:6936,
2005). The present invention features viable Gram-negative
bacteria that substantially lack a ligand that acts as an agonist
of TLR4/MD-2. Additional information regarding TL.R4/
MD-2 may be found at, for example, Qureshi et al., J. Exp.
Med., Vol. 189, No. 4, Feb. 15, 1999, Pages 615-625; Shi-
mazu et al., J. Exp. Med., Volume 189, Number 11, Jun. 7,
1999, Pages 1777-1782; Poltorak et al., Science 282, 2085
(1998), the disclosures of which are incorporated in their
entirety by reference herein to the extent that the disclosures
are consistent with the present invention. The ligand, for
example, may comprise lipid A or a 6-acyl lipid. The viable
Gram-negative bacteria comprise suppressor mutations,
which enable viability despite lacking otherwise essential
Kdo. Mamat et al. have described suppressor mutations in the
yhjD and msbA genes non-conditional of £. coli TCM15
derivatives (see Mol Microbiol 67(3):633, 2008).

Any feature or combination of features described herein
are included within the scope of the present invention pro-
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vided that the features included in any such combination are
not mutually inconsistent as will be apparent from the con-
text, this specification, and the knowledge of one of ordinary
skill in the art. Additional advantages and aspects of the
present invention are apparent in the following detailed
description and claims.

SUMMARY

The present invention features viable Gram-negative bac-
teria comprising an outer membrane that substantially lacks a
ligand (e.g., lipid A, 6-acyl lipopolysaccharide, etc.) that acts
as an agonist of TLR4/MD?2, especially that lacks an agonist
of human TLR4/MD2. The ligand may activate a production
of costimulatory immune response molecules in a mammal
(e.g., inducing macrophages to synthesize mediators of
inflammation). In some embodiments, the Gram-negative
bacterium is an Escherichia coli strain (e.g., KPM22, KPM22
L1, KPM22 [L11, KPM22 .13, KPM22 14, KPM22 L15,
KPM22 L18, KPM22 [20, KPM316, KPM318, KPM334
through KPM362) or a Pseudomonas strain.

The viable Gram-negative bacterium may further comprise
reduced activity of functional arabinose-5-phosphate (ASP)
isomerases KdsD and GutQ. In some embodiments, the
remaining activity of the arabinose-5-phosphate isomerases
with reduced activity is insufficient to provide substrate for
the Kdo biosynthetic pathway (e.g., zero or inadequate sub-
strate for the Kdo biosynthetic pathway as would be under-
stood by one of ordinary skill). In some embodiments, this is
achieved by complete deletion of both genes. In the present
KPM318 and some earlier IpxL. IpxM deletions allow full
restoration of Kdo synthesis (by growing on ASP) while
limiting the lipid form to lipid IVA, when grown in the pres-
ence of ASP as supplement.

In some embodiments, the viable Gram-negative bacte-
rium further comprises one or more suppressor mutations, for
example a suppressor mutation in a transporter (e.g., MsbA
such as MsbA-P50S, MsbA-P18S, MsbA-T283A, MsbA-
R310S, or MsbA-1.48F) thereby increasing the transporter’s
capacity to transport lipid IV ,, a suppressor mutation affect-
ing membrane protein YhjD (e.g., YhjD-R134C), a suppres-
sor mutation that enables growth at 42 degrees Celsius, etc.

In some embodiments, one or more genes (e.g., IpxL,
IpxM, pagP, IpxP, and/or eptA) are substantially deleted and/
or one or more enzymes (e.g., LpxL, LpxM, PagP, LpxP,
and/or EptA) are substantially inactive. For example, the
viable Gram-negative bacterium may comprise a site-specific
recombinase scar sequence at a site of a partial or complete
deletion of one or more of genes (e.g., IpxL, IpxM, pagP,

IpxP, eptA). E. coli strains may include but are not limited to:
KPM279, KPM280, KPM288, KPM290, KPM296,
KPM300, KPM303, KPM310, KPM312, KPM314,

KPM316, KPM317, KPM318, KPM334 through KPM362.
In some embodiments, a gene encoding for a DNA restriction
enzyme and/or a DNA methylation enzyme and/or a gene
encoding for recA and/or endA is mutated or deleted.

The bacterium may exhibit various growth characteristics.
For example, in some embodiments, the bacterium can grow
exponentially at 42 degrees Celsius. For example, in some
embodiments, the bacterium exhibits an exponential phase
doubling time of less than about 35 minutes, less than about
40 minutes, or less than about 45 minutes at above 37 degrees
Celsius. In some embodiments, the bacterium remains viable
in a salt concentration between about 0.1M and 0.9M.

In some embodiments, the bacterium comprises a means of
conferring resistance to an antibiotic. In some embodiments,
the bacterium comprises an F plasmid, an F' plasmid, or a
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gene encoding for F pilus production. In some embodiments,
the bacterium can propagate bacteriophages fd, M13, or bac-
teriophages related to fd or M13. In some embodiments, the
bacterium is competent to take up extracellular DNA (e.g.,
electrocompetent).

The present invention also features outer membranes
derived from such Gram-negative bacteria, the outer mem-
branes substantially lacking a ligand that is an agonist of
TLR4/MD2. For example, the outer membrane may be
derived from the Gram-negative bacteria described herein.
The present invention also features viable Gram-negative
bacteria (e.g., Gram-negative bacteria described herein such
as E. coli and/or Pseudomonas) lacking an O-acyl transferase
that can acylate a lipid A precursor lipidA or Lipid IV .
O-acyl transferases may include LpxL, LpxM, LpxP, and
PagP.

In some embodiments, a Gram-negative bacterium as
described herein is a donor bacterium. For example, the
Gram-negative donor bacterium may comprise a DNA cas-
sette comprising a gene (e.g., [pxL, IpxM, pagP, IpxP, eptA)
having an open reading frame deletion and a means of con-
ferring resistance to an antibiotic (e.g., kanamycin, penicillin,
neomycin, tetracycline, chloramphenicol, or ampicillin),
wherein the cassette is flanked by sites that are a target for a
site-specific recombinase enzyme.

The present invention also features methods of selecting
Gram-negative bacteria capable of exponential growth at a
temperature above 40 degrees Celsius, wherein the Gram-
negative bacterium substantially lacks a ligand that acts as an
agonist of TLR4/MD2. In some embodiments, the method
comprises growing a strain that substantially lacks the ligand
that acts as an agonist of the TLR4/MD2 receptor and has a
suppressor mutation that allows growth between about 30 to
40 degrees Celsius (e.g., a strain described herein); plating the
strain on a suitable nutrient medium; and incubating the
plated strain at 42 degrees Celsius until single colonies of
bacteria appear.

The present invention also features methods of construct-
ing a bacterium substantially lacking a gene such as IpxL,
IpxM, pagP, IpxP, and eptA. The method comprises obtaining
aviable Gram-negative bacterium comprising an outer mem-
brane that substantially lacks a ligand that acts as an agonist of
a TLR4/MD2 receptor (e.g., a strain described herein). In
some embodiments, the viable Gram-negative bacterium
comprises a DNA cassette comprising a modified gene (e.g.,
a modified antibiotic resistance gene), wherein the modified
gene is a modified target gene having an open reading frame
deletion. The DNA cassette may further comprise a means of
conferring resistance to an antibiotic and/or may be flanked
by appropriate target sites for a site-specific recombinase.
The method further comprises subjecting the bacterium to P1
vir transduction and replacing the target gene with the modi-
fied gene (e.g., a modified antibiotic resistance gene) via
homologous recombination. In some embodiments, the
method further comprises deleting the antibiotic resistance
gene by transient introduction of a site-specific recombinase
capable of acting on sequences that flank the antibiotic resis-
tance gene, thereby deleting the resistance gene and leaving a
scar characteristic of the site-specific recombinase.

The present invention also features methods of producing a
DNA sample and/or a protein sample substantially free of a
ligand that acts as an agonist of TLR4/MD2. The method
comprises obtaining a Gram-negative bacterium comprising
an outer membrane that substantially lacks the ligand that acts
as an agonist of the TLR4/MD2 receptor (e.g., a strain
described herein), wherein the bacterium is competent to take
up extracellular DNA. For producing the DNA sample, the
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method further comprises introducing a DNA vector to the
bacterium, wherein the bacterium amplifies the DNA vector,
and harvesting a DNA sample from the bacterium via a stan-
dard DNA isolation protocol. Such DNA isolation protocols
are well known to one of ordinary skill in the art.

For producing the protein sample, the method may com-
prise introducing a DNA vector expression construct to the
bacterium, wherein the vector comprises both a gene encod-
ing a protein of interest expressed from a functional promoter
and a selectable marker gene, growing the bacterium and
allowing or inducing the bacterium to express the protein of
interest, and harvesting the bacterium and treating the bacte-
rium to release the protein of interest. In some embodiments,
the bacterium comprises a mutation or deletion in one or more
genes such as IolA, IolB and/or Ipp. In some embodiments,
for producing the protein sample, the method may comprise
introducing a DNA vector expression construct to the bacte-
rium, wherein the vector comprises both a gene encoding a
protein of interest expressed from a functional promoter and
aselectable marker gene, growing the bacterium and allowing
or inducing the bacterium to express the protein of interest,
and removing the bacterium from the culture medium to leave
the protein of interest in the culture medium.

The present invention also features a library of bacteria
substantially free of a ligand that acts as an agonist of the
TLR4/MD2 receptor (e.g., a strain described herein), wherein
the library of bacteria expresses a series of variants of a
protein. The library of bacteria may be useful for screening
the protein variants for activity in a mammalian cell based
assay. In some embodiments, the members of the library are
generated by phage display or by mutagenesis of a plasmid
vector expressing a prototype member of the library.

Preferably, the bacteria are able to grow at least as rapidly
in rich media supplemented with arabinose-5-phosphate as
they grow in the same rich media lacking arabinose-5-phos-
phate, allowing a choice of outer membrane composition
dependent upon the arabinose-5-phosphate without the
supplement leading to a slower growth rate. Growth with
supplement should be at least 95% of the unsupplemented
growth rate and preferably a faster rate than the unsupple-
mented rate.

The viable Gram-negative bacteria described herein, vari-
ous components thereof, reagents, and/or materials, may be
available in the form of a kit. For example, in some embodi-
ments, the kit comprises a viable Gram-negative bacterium
having an outer membrane substantially free of a ligand that
acts as an agonist of TLR4/MD2 (e.g., a strain described
herein), wherein the bacterium is competent to take up extra-
cellular DNA.

DEFINITIONS

The term “viable non-toxic Gram-negative bacteria” refers
to viable Gram-negative bacterial strains comprising an outer
membrane substantially free of aligand that acts as an agonist
of TLR4/MD2.

The terms “cells” and “host cells” and “recombinant host
cells”, which are used interchangeably herein, refer to cells
that are capable of or have been transformed with a vector,
typically an expression vector. The host cells used herein may
be Gram-negative bacteria. It is understood that such terms
refer not only to the particular subject cell, but to the progeny
or potential progeny of such a cell. Because certain modifi-
cations may occur in succeeding generations due to either
mutation or environmental influences, such progeny may not,
in fact, be identical to the parent cell, but are still included
within the scope of the term as used herein.
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The terms “media” and “culture medium” is recognized in
the art, and refers generally to any substance or preparation
used for the cultivation of living cells.

The term “derived from,” as used, for example, in the
context of deriving lipid IV, from a strain of Gram-negative
bacteria, refers to lipid IV, that can be obtained from the
bacteria or the protein, and is intended to include fragments or
portions of proteins.

The term “defective”, as used herein, with regard to a gene
or gene expression, may mean that the gene is not a wild type
gene and that the organism does not have a wild type genotype
and/or a wild type phenotype. The defective gene, genotype
or phenotype may be the consequence of a mutation in that
gene, or of a gene that regulates the expression of that gene
(e.g., transcriptional or post-transcriptional), such that its nor-
mal expression is disrupted or extinguished. “Disrupted gene
expression” is intended to include both complete inhibition
and decreased gene expression (e.g., as in a leaky mutation),
below wild type gene expression.

The term “Gram-negative bacteria” is recognized in the art,
and refers generally to bacteria that do not retain Gram stain
(e.g., the deposition of a colored complex between crystal
violet and iodine). In an exemplary Gram stain, cells are first
fixed to a slide by heat and stained with a basic dye (e.g.,
crystal violet), which is taken up by all bacteria (i.e., both
Gram-negative and Gram-positive). The slides are then
treated with an iodine-KI mixture to fix the stain, washed with
acetone or alcohol, and finally counterstained with a paler dye
of different color (e.g., safranin). Gram-positive organisms
retain the initial violet stain, while Gram-negative organisms
are decolorized by the organic solvent and hence show the
counterstain. Gram-negative bacteria and cell lines include,
but are not limited to, Escherichia spp., Shigella spp., Salmo-
nella spp., Campylobacter spp., Neisseria spp., Haemophilus
spp., Aeromonas spp., Francisella spp., Yersinia spp., Kleb-
siella spp., Bordetella spp., Legionella spp., Citrobacter spp.,
Chlamydia spp., Brucella spp., Pseudomonas spp., Helico-
bacter spp. and Vibrio spp.

The term “mutant Gram-negative bacteria”, “LPS mutant
Gram-negative bacteria”, “kdsD and gutQ mutant Gram-
negative bacteria”, “API mutant Gram-negative bacteria” or
similar terms, as used herein, includes Gram-negative bacte-
ria of the invention that have been mutated one or more times
in, for example, one or more of the gutQ, kdsD, kdsA, kdsB,
waaA, msbA, yhjD genes, of any other biosynthetic, process-
ing, or trafficking gene thereby producing an outer membrane
substantially lacking LPS or other ligand that acts as an ago-
nist of TLR4/MD2.

An “immunogenic portion of a molecule”, refers to a por-
tion of the molecule that is capable of eliciting an immune
reaction against the molecule in a subject.

The term “isolated” as applied to LPS or lipid IV, mol-
ecules, refers to LPS or lipid IV, which has been isolated
(e.g., partial or complete isolation) from other bacterial com-
ponents, in particular from the outer membrane.

As used herein, the term “portion” when used in reference
to a sequence (e.g., an amino acid sequence of a protein, a
nucleic acid sequence of a gene) represents any amount of the
referenced sequence (e.g., 0.001%, 0.1%, 1%, 10%, 30%,
50%, 75%, 80%, 85%, 90%, 95%, 98%, 99.999% of an amino
acid sequence or nucleic acid sequence).

The term “modulation” as used herein refers to both
upregulation (i.e., activation or stimulation, e.g., by agoniz-
ing or potentiating) and downregulation (i.e., inhibition or
suppression, e.g., by antagonizing, decreasing or inhibiting).
The term “inducible” refers in particular to gene expression
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which is not constitutive but which takes place in response to
a stimulus (e.g., temperature, heavy metals or other medium
additive).

The term “nucleic acid” refers to polynucleotides or oligo-
nucleotides such as deoxyribonucleic acid (DNA), and,
where appropriate, ribonucleic acid (RNA). The term should
also be understood to include, as equivalents, analogs of
either RNA or DNA made from nucleotide analogs and as
applicable to the embodiment being described, single (sense
or antisense) and double-stranded polynucleotides.

As used herein, the term “transfection” means the intro-
duction of a nucleic acid (e.g., via an expression vector) into
a recipient cell by nucleic acid-mediated gene transfer.
“Transformation”, as used herein, refers to a process in which
a cell’s genotype is changed as a result of the cellular uptake
of'exogenous DNA or RNA. In an illustrative embodiment, a
transformed cell is one that expresses a mutant form of one or
more of the kdsD and gutQ) genes. A transformed cell can also
be one that expresses a nucleic acid that interferes with the
expression of a gutQ, kdsD, kdsA, kdsB, waaA, msbA, yhjD
gene of any other biosynthetic, processing, or trafficking
gene.

As used herein, the term “transgene” means a nucleic acid
(e.g., a mutant kdsD, gutQ, kdsA, kdsB, waaA, msbA, yhjD
gene of any other biosynthetic, processing, or trafficking
gene, or an antisense transcript thereto) that has been intro-
duced into a cell. A transgene could be partly or entirely
heterologous, e.g., foreign, to the transgenic animal or cell
into which it is introduced, or, can be homologous to an
endogenous gene of the organism or—cell into which it is
introduced, but which is designed to be inserted, or is inserted,
into the animal or cell’s genome in such a way as to alter the
genome of the cell into which it is inserted. A transgene can
also be present in a cell in the form of an episome.

The term “treating” a subject for a condition or disease, as
used herein, is intended to encompass curing, as well as
ameliorating at least one symptom of the condition or disease.

The term “vector” refers to a nucleic acid molecule, which
is capable of transporting another nucleic acid to which it has
been linked. Vectors capable of directing the expression of
genes to which they are operatively linked are referred to
herein as “expression vectors.”

The term “expression system” as used herein refers to an
expression vector under conditions whereby an mRNA may
be transcribed and/or an mRNA may be translated into pro-
tein, structural RNA, or other cellular component. The
expression system may be an in vitro expression system,
which is commercially available or readily made according to
art known techniques, or may be an in vivo expression sys-
tem, such as a eukaryotic or prokaryotic cell containing the
expression vector. In general, expression vectors of utility in
recombinant DNA techniques are often in the form of “plas-
mids” which refer generally to circular double stranded DNA
loops that, in their vector form, are not bound to the chromo-
some. In the present specification, “plasmid” and “vector” are
used interchangeably as the plasmid is the most commonly
used form of vector. However, the invention is intended to
include such other forms of expression vectors which serve
equivalent functions and are well known in the art or which
become known in the art subsequently hereto (e.g., cosmid,
phagemid and bacteriophage vectors).

The term “viable” means that the cells are able to grow and
divide exponentially for multiple generations in a suitable
nutrient medium, including rich media, and that the cells can
be stored under typical storage conditions for that cell type
and subsequently re-grown.



US 9,068,186 B2

7
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows growth curves of E. coli KPM22 and the
KPM22-like strains KPM22 L1, KPM22 .11, KPM22 L13,
KPM22 L14, KPM22 L.15, KPM22 118, and KPM22 L.20.
Generation times were determined in LB medium with shak-
ing at 200 rpm at 37° C. Generation times (under these con-
ditions) were calculated to be as follows: KPM22 40 min,
KPM22 L1 37 min, KPM22L 11 39 min, KPM22 .13 59 min,
KPM22 L14 44 min, KPM22 L15 40 min, KPM22 .18 36
min, and KPM22 .20 55 min.

FIG. 2 shows growth curves of E. coli strain KPM288
(KPM22 L1 AlpxL::Km™") and strain KPM290 (KPM22 .11
AlpxL:Km™) in either Luria-Bertani (LB) media at 37° C. or
in LB media supplemented with 15 uM p-arabinose 5-phos-
phate (ASP) and 10 uM p-glucose6-phosphate (G6P) at 37°
C. Generation times in LB media were calculated to be as
follows: KPM288 45 min, KPM290 43 min. Results from
growth in LB media supplemented with ASP and G6P were as
follows: KPM288 ceased to grow exponentially after 2-3
generations, KPM290 46 min.

FIG. 3 shows growth curves of E. coli strain KPM303
(KPM22 L.11 AlpxL AlpxM) at 37° C. in either LB media, LB
media supplemented with 15 pM ASP and 10 pM G6P, Super
Broth (SB) media (containing 10 g/[. NaCl), or SB media
(containing 10 g/I NaCl) supplemented with 15 uM ASP and
10 uM G6P. SB media did not improve the growth rate of
KPM303 as compared to LB media. However, in contrast to
the growth in LB medium supplemented with ASP and G6P,
KPM303 continued to grow exponentially after 2-3 genera-
tions when cultivated in SB supplemented with ASP and G6P.

FIG. 4 shows growth curves of E. coli strains KPM303
(KPM22 L11 AlpxL AlpxM), KPM312 (KPM22 L.11 AlpxL
AlpxM ApagP), and KPM316 (KPM22 .11 AlpxL AlpxM
ApagP AlpxP) at 37° C. in either SB media or SB supple-
mented with 15 pM ASP and 10 uM G6P. Generation times in
SB media were as follows: KPM303 54 min, KPM312 50
min, KPM316 46 min. Generation times in SB media supple-
mented with ASP and G6P were as follows: KPM303 39 min,
KPM312 42 min, KPM316 42 min.

FIG. 5 shows growth curves of . coli strain KPM316 at
37° C. in either SB medium supplemented with 10 mM
MgSO, and 2 mM CaCl, or SB medium supplemented with
10 mM MgSQO,, 2 mM CaCl,, 15 uM A5P, and 10 uM G6P.
KPM316 had a generation time of 51 min in SB with 10 mM
MgSO, and 2 mM CaCl,. KPM316 had a generation time of
46 minutes in SB with 10 mM MgSO,,, 2 mM CaCl,, 15 uM
ASP, and 10 uM G6P.

FIG. 6 shows growth curves of £. coli strains KPM316 and
KPM318 grown in either SB or in SB supplemented with 15
UM ASP, and 10 uM G6P at 37° C. The doubling times are
very similar in the range 39-44 min.

FIG. 7 shows growth curves of E. coli strains KPM296-6
and KPM316 at 37° C. in either SB medium supplemented
with 10 mM MgSO,, and 2 mM CaCl, or SB medium supple-
mented with 10 mM MgSO,,, 2 mM CaCl,, 15 uM ASP, and
10 uM G6P. The growth rate of KPM296-6 in SB medium
with 10 mM MgSO, and 2 mM CaCl, was 48 min. In SB with
10mM MgSO,,, 2mM CaCl,, 15 uM ASP, and 10 uM G6P the
growth rate of KPM296-6 was 42 min.

FIG. 8 Growth curves of a series of independent isolates
selected from KPM296 at 42° C. Growth was in SB medium
at 42° C. Individual isolates are numbered in the inset and
keyed to the symbols used to represent their growth curve.
Considerable variation in generation time is seen, but each
shows exponential growth,
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FIG. 9 Analysis of PCR products produced by primers
flanking each gene to confirm deletions of O-acyl transferase
genes and deletion of eptA gene in KPM318. The parental
strain BW30270 is used as a control beside KPM318 for each
gene analysed. Template DNAs and the gene for which the
particular PCR primer pairs were designed are indicated. It
can be seen in each case that the parental strain BW30270
gives rise to a larger PCR product than that seen for KPM318.
Only the scar sequence remains in the place of the whole gene
in KPM318.

FIGS. 10A and 10B HEK-Blue™ Assays of strains
BW30270, KPM316 and KPM318. (A) Outer membrane
preparations of strains, and (B) whole cells. Numbers of cells
added to each well (as cfu——colony forming units) or mass of
outer membrane preparation are indicated. Reference LPS
from F. coli K-12 supplied with the assay kit was run in
parallel with all experiments and is shown for comparison
with the outer membrane data with which it is most directly
comparable on a mass-to-mass basis.

FIG. 11 Charge deconvoluted electrospray-ionization Fou-
rier-transformed ion cyclotron (ESI FT-ICR) mass spectra in
negative ion mode of LPS molecules isolated from £. coli
strains KPM316 (A) and KPM318 (B). The mass numbers
given refer to the monoisotopic peaks of the neutral mol-
ecules. The peak at 1178.66 u is most likely a triacylated
degradation product of lipid IV , (1404.86 u) produced during
LPS isolation as it is not consistent with a known pathway
intermediate.

FIG. 12a-g The sequence for Escherichia coli KPM316
(msbAS2 AkdsD AgutQ Alpxl. AlpxM ApagP AlpxP).
msbAS2 replaces the wild type allele of msbA, whereina C at
965895 is replaced by a T, resulting in a Serine instead of
Proline at amino acid 18 in the MsbA protein. The following
were deleted from the parental strain: AgutQ (FIG. 125),
AkdsD (FIG. 12¢), AlpxL (FIG. 12d), AlpxM (FIG. 12e),
ApagP (FIG. 12f), and AlpxP (FIG. 12g).

FIG. 13 Single nucleotide changes are present in KPM316
relative to the parental strain MG1655, in addition to the
msbAS52 mutation and the deletion/insertion to inactivate LPS
synthetic genes. None are known or predicted to result in any
distinctive phenotype.

FIG. 14a-h Escherichia coli KPM318 (msbA52 AkdsD
AgutQ AlpxL AlpxM ApagP AlpxP AeptA). msbAS2 replaces
the wild type allele of msbA, wherein a C at 965895 is
replaced by a T, resulting in a Serine instead of Proline at
amino acid 18 in the MsbA protein. The following were
deleted from the parental strain: AgutQ (FIG. 145), AkdsD
(FIG. 14¢), AlpxL (FIG. 14d), AlpxM (FIG. 14e), ApagP
(FIG. 14f), AlpxP (FIG. 14g), and AeptA (FIG. 14/).

FIG. 15 The BW30270 and KPM318 strains were
sequenced at the Scripps Core DNA sequencing facility using
Illumina sequencing. All the Single Nucleotide Polymor-
phisms (SNP) and Deletion/Insertion Polymorphisms (DIP)
are indicated. These SNPs and DIPs are assigned based on the
comparison of these strains to the Blattners MG1655 strain.
Only those detected at 100% of reads are noted. The msbA-
P18S suppressor allele in the original KPM22 [.11 strain was
identified.

FIG. 16 The growth of the four KPM-318 temperature-
resistant derivatives; KPM334, KPM335, KPM336, and
KPM337 grown in SB medium at 30° C. were assessed.

FIG. 17 The growth of the four KPM-318 temperature-
resistant derivatives, KPM334, KPM335, KPM336, and
KPM337 grown in SB medium supplemented with ASP/G6P
at 30° C. were assessed.
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FIG. 18 The growth of the four KPM-318 temperature-
resistant derivatives, KPM334, KPM335, KPM336, and
KPM337 grown in SB medium at 37° C. were assessed.

FIG. 19 The growth of the four KPM-318 temperature-
resistant derivatives, KPM334, KPM335, KPM336, and
KPM337 grown in SB medium supplemented with ASP/G6P
at 37° C. were assessed.

FIG. 20 The growth of the four KPM-318 temperature-
resistant derivatives, KPM334, KPM335, KPM336, and
KPM337 grown in SB medium at 42° C. were assessed.

FIG. 21 The growth of the four KPM-318 temperature-
resistant derivatives, KPM334, KPM335, KPM336, and
KPM337 grown in SB medium supplemented with ASP/G6P
at 42° C. were assessed.

FIG. 22a-d The four KPM-318 temperature-resistant
derivatives, KPM334, KPM335, KPM336, and KPM337
were sequenced at the Scripps Core DNA sequencing facility
using [llumina sequencing. All the Single Nucleotide Poly-
morphisms (SNP) and Deletion/Insertion Polymorphisms
(DIP) are indicated. These SNPs and DIPs are assigned based
on the comparison of these strains to the Blattner’s MG1655
strain. Only those detected at 100% of reads are noted. The
msbA-P18S suppressor allele in the original KPM22 [.11
strain was identified.

FIG. 23 ESI FT-ICR mass spectrum in negative ion mode
oflipid IV, (1404.86 u) isolated from E. col/i KPM337 grown
at 42° C. in LB medium. Mass numbers given refer to the
monoisotopic masses of neutral molecules. The peak corre-
sponding to triacylated lipid A(1178.67 u) is likely an artefact
produced during lipid IV, isolation and/or ionization as it is
not consistent with a known pathway intermediate.

FIG. 24 ESI FT-ICR mass spectrum in negative ion mode
of LPS isolated from F. coli KPM?334 grown at 42° C. in LB
medium supplemented with ASP/G6P. Mass numbers given
refer to the monoisotopic masses of neutral molecules.

FIG. 25 ESI FT-ICR mass spectrum in negative ion mode
of LPS isolated from F. coli KPM335 grown at 42° C. in LB
medium supplemented with ASP/G6P. Mass numbers given
refer to the monoisotopic masses of neutral molecules.

FIG. 26 ESI FT-ICR mass spectrum in negative ion mode
of LPS isolated from F. coli KPM337 grown at 42° C. in LB
medium supplemented with ASP/G6P. Mass numbers given
refer to the monoisotopic masses of neutral molecules.

FIG. 27 ESI FT-ICR mass spectrum in negative ion mode
of LPS isolated from F. col/i KPM318 grown at 37° C. in LB
medium supplemented with ASP/G6P (control). Mass num-
bers given refer to the monoisotopic masses of neutral mol-
ecules. Peak assignments are listed in Table 1.

FIG. 28 Detection of LPS in bacterial cell suspensions of
KPM316 and KPM318 grown at 37° C. in either LB medium
or LB medium supplemented with ASP/G6P. The . coli K-12
wild-type strain BW30270 was used as a control.

FIG. 29 Relative NE-xB induction in HEK-Blue cells
caused by LPS/lipid IV, isolates from E. coli strains
BW30270, KPM316, KPM318 and KPM334.

FIG. 30 Human TNF-alpha ELISA to determine the
antagonistic activity of LPS/lipid IV, samples isolated from
E. coli strains KPM316 and KPM318. For details, see the
protocol in the text.

FIG. 31 TNF-alpha release in human macrophages caused
by LPS/lipid IV, samples from E. coli strains KPM316 and
KPM318 in medium containing 4% AB-serum. The S-LPS of
E. coli K-235 was used as a control.

FIG. 32 TNF-alpha release in human macrophages caused
by LPS/lipid IV, samples from E. coli strains KPM316 and
KPM318 in serum-free medium. The S-LPS of . coli K-235
was used as a control.
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FIG. 33 IL-8 release in HEK293 hTLR4/MD?2 #33 cells
stimulated with LPS/lipid IV, samples from E. coli strains
KPM316 and KPM318. The S-LPS of E. coli K-235 was used
as a control.

FIG. 34 IL-8release in HEK293 hTLR2 #2 cells stimulated
with LPS/lipid IV samples from E. co/i strains KPM316 and
KPM318. The S-LPS of E. coli K-235 was used as a control.

FIG. 35 Maps of plasmids pMAL-c2 and pMAL-p2 for
cytoplasmic (upper panel) and periplasmic MalE-LacZa
expression (lower panel).

FIG. 36 SDS-PAGE analysis of protein extracts (10 ug
each) and culture media (10 pl each). The protein extracts
were prepared from uninduced cells and cells after an induc-
tion time of 3 hr. The culture media were obtained from cells
grown under conditions of overnight IPTG induction. The
samples were resolved using 10% polyacrylamide gels and
stained with Coomassie blue. Molecular Mass protein mark-
ers (Broad Rnage-Bio-Rad) were run in lanes M.

FIG. 37 SDS-PAGE analysis of protein extracts (10 ug
each) and culture media (10 pl each). The protein extracts
were prepared from uninduced cells and cells after an induc-
tion time of 3 hr. The culture media were obtained from cells
grown under conditions of overnight IPTG induction. The
samples were resolved using 10% polyacrylamide gels and
stained with Coomassie blue. Molecular mass protein mark-
ers (Broad Range-Bio-Rad) were run in lanes M.

FIG. 38 SDS-PAGE analysis (upper panel) of protein
extracts (8 pg each) and culture media (10 pl each). The
protein extracts were prepared from uninduced cells and cells
after overnight induction. The culture media were obtained
from cells grown under conditions of overnight IPTG induc-
tion. The samples were resolved using 10% polyacrylamide
gels and stained with Coomassie blue. For the immunoblots
lower panel), 8 pg of each protein extract and 2.5 pl of each
culture supernatant were subjected to SDS-PAGE. The blot-
ted membranes were probed with anti-MalE and alkaline
phosphatase-conjugated goat anti-mouse IgG (H+L) antibod-
ies, and developed in the presence of nitroblue tetrazolium
(NBT) and 5-bromo-4-chloro-3-indolylphosphate (BCIP)
substrate. Molecular mass protein markers (Broad Range-
Bio-Rad) were run in lanes M.

FIG. 39 SDS-PAGE analysis (upper panel) of protein
extracts (8 pg each) and culture media (10 pl each). The
protein extracts were prepared from uninduced cells and cells
after overnight induction. The culture media were obtained
from cells grown under conditions of overnight IPTG induc-
tion. The samples were resolved using 10% polyacrylamide
gels and stained with Coomassie blue. For the immunoblots
(lower panel), 8 ug of each protein extract and 2.5 pl of each
culture supernatant were subjected to SDS-PAGE. The blot-
ted membranes were probed with anti-MalE and alkaline
phosphatase-conjugated goat anti-mouse IgG (H+L) antibod-
ies, and developed in the presence of nitroblue tetrazolium
(NBT) and 5-bromo-4-chloro-3-indolylphosphate (BCIP)
substrate. Molecular mass protein markers (Broad Range-
Bio-Rad) were run in lanes M.

FIG. 40 Immunoblot analysis of protein extracts (8 g
each) and culture media (2.5 ul each). The protein extracts
were prepared from uninduced cells and cells after an induc-
tion time of 3 hr. The culture media were from cells grown
under conditions of IPTG induction for 3 hr. The samples
were resolved using 10% polyacrylamide gels, followed by
blotting and probing of the membranes with anti-MalE and
alkaline phosphatase-conjugated goat anti-mouse IgG (H+L)
antibodies, and developed in the presence of NBT and BCIP
substrate.
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FIG. 41 SDS-PAGE analysis of protein extracts (6 jig each)
and culture media (8 pl each) of pMAL-p2 strains. The pro-
tein extracts were prepared from uninduced cells and cells
after induction times of 3 hr, 6 hr, 12 hr and 24 hr. The culture
media were from cells after 3 hr, 6 hr, 12 hr and 24 hr of
induction. The samples were resolved using 10% polyacry-
lamide gels and stained with Coomassie blue. Molecular
mass protein markers (Broad Range-Bio-Rad) were run in
lanes M.

FIG. 42 Immunoblot analysis of protein extracts (6 ug
each) and culture media (10 pl each) of pMAL-p2 strains. The
protein extracts were prepared from uninduced cells and cells
after induction times of 3 h, 6 h, 12 h and 24 h. The culture
media were from cells after 3 h, 6 h, 12 h and 24 h of
induction. The samples were resolved using 10% polyacry-
lamide gels, followed by blotting and probing of the mem-
branes with anti-MalE and alkaline phosphatase-conjugated
goat anti-mouse 1gG (H+L) antibodies, and developed in the
presence of NBT and BCIP substrate.

FIG. 43 Maps of plasmids pJexpress404:51149 and pJex-
press404:51150 for cytoplasmic (upper panel) and periplas-
mic ApoAl expression (lower panel).

FIG. 44 SDS-PAGE analysis of protein extracts (6 jig each)
prepared from strains BW30270/plexpress404:51149 and
KPM318/plexpress404:51149. The protein extracts were
obtained from uninduced cells and cells after induction times
of3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved using
12% polyacrylamide gels and stained with Coomassie blue.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M. The arrow indicates the ApoA1 protein.

FIG. 45 SDS-PAGE analysis of protein extracts (6 g each)
prepared from strains KPM334/pJexpress404:51149 and
KPM335/plexpress404:51149. The protein extracts were
obtained from uninduced cells and cells after induction times
of3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved using
12% polyacrylamide gels and stained with Coomassie blue.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M. The arrow indicates the ApoA1 protein.

FIG. 46 SDS-PAGE analysis of protein extracts (6 jig each)
prepared from strain KPM336/pJexpress404:51149. The pro-
tein extracts were obtained from uninduced cells and cells
after induction times of 3 hr, 6 hr, 12 hr and 24 hr. The samples
were resolved using 12% polyacrylamide gels and stained
with Coomassie blue. Molecular mass protein markers
(Broad Range-Bio-Rad) were run in lanes M.

FIG. 47 SDS-PAGE analysis of protein extracts (6 g each)
prepared from strains BW30270/plexpress404:51150 and
KPM318/plexpress404:51150. The protein extracts were
obtained from uninduced cells and cells after induction times
of3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved using
12% polyacrylamide gels and stained with Coomassie blue.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M.

FIG. 48 SDS-PAGE analysis of protein extracts (6 g each)
prepared from strains KPM334/pJexpress404:51150 and
KPM335/plexpress404:51150. The protein extracts were
obtained from uninduced cells and cells after induction times
of3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved using
12% polyacrylamide gels and stained with Coomassie blue.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M.

FIG. 49 SDS-PAGE analysis of protein extracts (6 jig each)
prepared from strain KPM336/pJexpress404:51150. The pro-
tein extracts were obtained from uninduced cells and cells
after induction times of 3 hr, 6 hr, 12 hr and 24 hr. The samples
were resolved using 12% polyacrylamide gels and stained
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with Coomassie blue. Molecular mass protein markers
(Broad Range-Bio-Rad) were run in lanes M.

FIG. 50 The optical cell density (ODg(,) vs. number of
viable cells (cfu/ml) of strain KPM335/pJexpress404:51150
was evaluated during the period of induced ApoAl expres-
sion.

FIG. 51 SDS-PAGE analysis of culture media from strains
BW30270/pJexpress404:51150 and KPM318/plexpress404:
51150. The culture media were obtained from uninduced
cells and cells after induction times of 3 hr, 6 hr, 12 hr and 24
hr. The samples were resolved using 12% polyacrylamide
gels and stained with Coomassie blue. For the amounts of
samples loaded, see Tables 7-11.

FIG. 52 SDS-PAGE analysis of culture media from strains
KPM334/plexpressd404:51150 and KPM335/plexpress404:
51150. The culture media were obtained from uninduced
cells and cells after induction times of 3 hr, 6 hr, 12 hr and 24
hr. The samples were resolved using 12% polyacrylamide
gels and stained with Coomassie blue. For the amounts of
samples loaded, see Tables 7-11.

FIG. 53 SDS-PAGE analysis of culture media of KPM336/
plexpress404:51150. The culture media were obtained from
uninduced cells and cells after induction times of 3 hr, 6 hr, 12
hr and 24 hr. The samples were resolved using 12% polyacry-
lamide gels and stained with Coomassie blue. For the
amounts of samples loaded, see Tables 7-11. Molecular mass
protein markers (Broad Range-Bio-Rad) were run in lanes M.

FIG. 54 Immunoblot analysis of protein extracts (3 ug
each) of strains BW30270/pJexpress404:51149 and
KPM318/plexpress404:51149. The protein extracts were
prepared from uninduced cells and cells after induction times
of3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved using
10% polyacrylamide gels, followed by blotting and probing
of'the membranes with Penta-His antibody and alkaline phos-
phatase-conjugated goat anti-mouse IgG (H+L) antibodies,
and developed in the presence of NBT and BCIP substrate.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M and labelled after blotting.

FIG. 55 Immunoblot analysis of protein extracts (3 g
each) of strains KPM334/plexpress404:51149 and KPM335/
plexpress404:51149. The protein extracts were prepared
from uninduced cells and cells after induction times of 3 hr, 6
hr, 12 hr and 24 hr. The samples were resolved using 10%
polyacrylamide gels, followed by blotting and probing of the
membranes with Penta-His antibody and alkaline phos-
phatase-conjugated goat anti-mouse IgG (H+L) antibodies,
and developed in the presence of NBT and BCIP substrate.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M and labelled after blotting.

FIG. 56 Immunoblot analysis of protein extracts (3 g
each) of KPM336/plexpress404:51149. The protein extracts
were prepared from uninduced cells and cells after induction
times of 3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved
using 10% polyacrylamide gels, followed by blotting and
probing of the membranes with Penta-His antibody and alka-
line phosphatase-conjugated goat anti-mouse IgG (H+L)
antibodies, and developed in the presence of NBT and BCIP
substrate. Molecular mass protein markers (Broad Range-
Bio-Rad) were run in lanes M and labelled after blotting.

FIG. 57 Immunoblot analysis of protein extracts (3 ug
each) of strains BW30270/pJexpress404:51150 and
KPM318/plexpress404:51150. The protein extracts were
prepared from uninduced cells and cells after induction times
of3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved using
12% polyacrylamide gels, followed by blotting and probing
of'the membranes with Penta-His antibody and alkaline phos-
phatase-conjugated goat anti-mouse IgG (H+L) antibodies,
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and developed in the presence of NBT and BCIP substrate.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M and labelled after blotting.

FIG. 58 Immunoblot analysis of protein extracts (3 ug
each) of strains KPM334/plexpress404:51150 and KPM335/
plexpress404:51150. The protein extracts were prepared
from uninduced cells and cells after induction times of 3 hr, 6
hr, 12 hr and 24 hr. The samples were resolved using 12%
polyacrylamide gels, followed by blotting and probing of the
membranes with Penta-His antibody and alkaline phos-
phatase-conjugated goat anti-mouse IgG (H+L) antibodies,
and developed in the presence of NBT and BCIP substrate.
Molecular mass protein markers (Broad Range-Bio-Rad)
were run in lanes M and labelled after blotting.

FIG. 59 Immunoblot analysis of protein extracts (3 ug
each) of KPM336/plexpress404:51150. The protein extracts
were prepared from uninduced cells and cells after induction
times of 3 hr, 6 hr, 12 hr and 24 h. The samples were resolved
using 12% polyacrylamide gels, followed by blotting and
probing of the membranes with Penta-His antibody and alka-
line phosphatase-conjugated goat anti-mouse IgG (H+L)
antibodies, and developed in the presence of NBT and BCIP
substrate. Molecular mass protein markers (Broad Range-
Bio-Rad) were run in lanes M and labelled after blotting.

FIG. 60 Immunoblot analysis of culture media from strains
BW30270/pJexpress404:51150 and KPM318/plexpress404:
51150. The culture media were obtained from uninduced
cells and cells after induction times of 3 hr, 6 hr, 12 hr and 24
hr. The samples were resolved using 12% polyacrylamide
gels, followed by blotting and probing of the membranes with
Penta-His antibody and alkaline phosphatase-conjugated
goat anti-mouse IgG (H+L) antibodies, and developed over-
night in the presence of NBT and BCIP substrate. For the
amounts of samples loaded, see Tables 7-11.

FIG. 61 Immunoblot analysis of culture media from strains
KPM334/plexpress404:51150 and KPM335/plexpress404:
51150. The culture media were obtained from uninduced
cells and cells after induction times of 3 hr, 6 hr, 12 hr and 24
hr. The samples were resolved using 12% polyacrylamide
gels, followed by blotting and probing of the membranes with
Penta-His antibody and alkaline phosphatase-conjugated
goat anti-mouse IgG (H+L) antibodies, and developed over-
night in the presence of NBT and BCIP substrate. For the
amounts of samples loaded, see Tables 7-11.

FIG. 62 Immunoblot analysis of culture media of
KPM336/plexpress404:51150. The culture media were
obtained from uninduced cells and cells after induction times
of3 hr, 6 hr, 12 hr and 24 hr. The samples were resolved using
12% polyacrylamide gels, followed by blotting and probing
of'the membranes with Penta-His antibody and alkaline phos-
phatase-conjugated goat anti-mouse IgG (H+L) antibodies,
and developed overnight in the presence of NBT and BCIP
substrate. For the amounts of samples loaded, see Tables
7-11.

FIG. 63 Agarose gel electrophoresis of pMAL-c2 plasmids
isolated from four randomly selected transformants of £. coli
strains BW30270/pMAL-c2, KPM318 (LB)/pMAL-c2, and
KPM318 (LB ASP/G6P)/pMAL-c2. The samples were sub-
jected to electrophoresis on a 0.8% agarose gel in TBE buffer.
Lane 1, pMAL-c2 control; lane 2, BW30270/pMAL-c2 (1);
lane 3, BW30270/pMAL-c2 (2); lane 4, BW30270/pMAL-c2
(3); lane 5, BW30270/pMAL-c2 (4); lane 6, KPM318 (LB)/
pMAL-c2 (1); lane 7, KPM318 (LB)/pMAL-c2 (2); lane 8,
KPM318 (LB)/pMAL-c2 (3); lane 9, KPM318 (LB)/pMAL-
c2 (4); lane 10, KPM318 (LB ASP/G6P)/pMAL-c2 (1); lane
11,KPM318 (LBASP/G6P)/pMAL-c2 (2); lane 12, KPM318
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(LB AS5P/G6P)/pMAL-c2 (3); lane 13, KPM318 (LB AS5P/
G6P)/pMAL-c2 (4); lane M, 1-kb Plus DNA Ladder (Invit-
rogen).

FIG. 64 Agarose gel electrophoresis of pMAL-c2 and
pPMAL-p2 plasmids isolated from two randomly selected
transformants of FE. coli strains KPM334/pMAL-c2,
KPM334/pMAL-p2, KPM335/pMAL-c2, and KPM335/
pMAL-p2. Lane 1, pMAL-c2 control; lane 2, KPM334/
pMAL-c2 (1); lane 3, KPM334/pMAL-c2 (2); lane 4,
KPM335/pMAL-c2 (1); lane 5, KPM335/pMAL-c2 (2); lane
6, pMAL-p2 control; lane 7, KPM334/pMAL-p2 (1); lane 8,
KPM334/pMAL-p2 (2); lane 9, KPM335/pMAL-p2 (1); lane
10, KPM335/pMAL-p2 (2); lanes M, 1-kb Plus DNA Ladder
(Invitrogen).

FIG. 65 Agarose gel electrophoresis of PCR products
obtained by using the primer pair SECIpxPctrl/3ECIpxPctrl
to distinguish between the presence of the IpxP wild-type
gene and the AlpxP knockout mutation in KPM strains. The
biomasses of a potential BW30270 (F'121 Tn10) strain (lane
1) and eight tetracycline-resistant KPM318 (F'121 Tnl0)
transconjugants (lanes 2-9) were used as templates. The 1-kb
Plus DNA Ladder (Invitrogen) is shown in lane M.

FIG. 66 Map of the helper plasmid pMAK705 Km? CAT-
MUT.

FIG. 67 The E. coli strains TOP10 and XL1-Blue were
transformed with plasmid pMAK705 Km® CATMUT. The
resulting strains TOP10/pMAK705 Km® CATMUT and
XL1-Blue/pMAK705 Km*CATMUT were streaked on both
LB+30 pg/ml kanamycin and LB+30 pg/ml kanamycin+15
pg/ml chloramphenicol plates.

FIG. 68 shows TABLE 1, which provides examples of E.
coli strains constructed.

FIG. 69 shows TABLE 2, which lists the peak list of gly-
coforms detected in E. coli KPM318 using ESI FT-ICR MS
(FIG. 27).

FIG. 70 shows TABLE 3, which provides the optical den-
sity and cell number of the bacterial suspensions immediately
prior to induction with IPTG.

FIG. 71 shows TABLE 4, which provides the optical den-
sity and cell number of the bacterial suspensions after 3 hr of
IPTG induction.

FIG. 72 shows TABLE 5, which provides the optical den-
sity and cell number of the bacterial suspensions after 6 hr of
IPTG induction.

FIG. 73 shows TABLE 6, which provides the optical den-
sity and cell number of the bacterial suspensions after 12 hr of
IPTG induction.

FIG. 74 shows TABLE 7, which provides the optical den-
sity and cell number of the bacterial suspensions after 24 hr of
IPTG induction.

FIG. 75 shows TABLE 8, which demonstrates the process
for determining ofthe amount of culture media obtained from
cells immediately before the induction with IPTG.

FIG. 76 shows TABLE 9, which demonstrates the process
for determining the amount of culture media obtained from
cells after 3 hr of induction.

FIG. 77 shows TABLE 10, which demonstrates the process
for determining the amount of culture media obtained from
cells after 6 h of induction.

FIG. 78 shows TABLE 11, which demonstrates the process
for determining the amount of culture media obtained from
cells after 12 hr of induction.

FIG.79 shows TABLE 12, which demonstrates the process
for determining the amount of culture media obtained from
cells after 24 hr of induction.

FIG. 80 shows TABLE 13, which provides the number of
competent cells.
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FIG. 81 shows TABLE 14, which provides the transforma-
tion efficiencies for E. coli strains BW30270, KPM318 (LLB)
and KPM318 (LB ASP/G6P).

FIG. 82 shows TABLE 15, which provides the transforma-
tion efficiencies for E. coli strains KPM334, KPM335,
KPM336, and KPM337.

FIG. 83 shows TABLE 16, which provides the yields of
plasmids pMAL-c2 and pMAL-p2 isolated from E. coli
strains BW30270, KPM318, KPM334, KPM335, KPM336,
and KPM337.

FIG. 84 shows TABLE 17, which describes the calculation
for the amount of the recipient (BW30270 and KPM318) to
add to 500 ul of the donor (JC19022 F'121 Tn10).

FIG. 85 shows TABLE 18, which describes the calculation
for the amount of the recipient (KPM334, KPM335,
KPM336, and KPM337) to add to 500 pl of the donor
(JC19022 F'121 Tnl0).

FIG. 86 shows TABLE 19, which provides the optical
densities (ODyg,,) of the strains immediately prior to the
M13KO7 infection.

FIG. 87 shows TABLE 20, which provides the number of
kanamycin-resistant colonies following infection of potential
F'121 Tn10 transconjugants with M13KO7 helper phage.

FIG. 88 shows TABLE 21, which provides the sequences
referred to in this application.

FIGS. 89, 90 and 91 show the construction path for each E.
Coli strain.

FIGS. 92A and 92B show a protocol for HEK-Blue assays.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Lipid A, a component of lipopolysaccharide (LPS) which
comprises two glucosamine residues to which six acyl chains
are attached, functions as an agonist of Toll-like receptor 4
(TLR4/MD-2). TLR4/MD-2 is present on several immune
system cells, for example macrophages, monocytes, and den-
dritic cells. Activation of TLR4/MD-2 via LPS/Lipid A can
lead to activation of costimulatory immune response compo-
nents and molecules, ultimately causing endotoxicity. For
example, when LPS becomes bound to TLR4/MD-2 (in
humans), cytokine production can be activated, complement
can be activated, and coagulation can be activated. Cytokines
may include interleukin IL-1, IL-6, IL-8, tumor necrosis fac-
tor (TNF) (e.g., TNFa), and platelet activating factor. Such
cytokines can stimulate production of mediators of inflam-
mation and septic shock (e.g., prostaglandins, leukotrienes).
Complement C3a and C5a can cause histamine release lead-
ing to vasodilation and/or affect neutrophil chemotaxis.
Blood-clotting Factor XII can activate several responses
resulting in thrombosis, plasmin activation (fibrinolysis,
hemorrhaging), and the like.

Gram-negative bacteria normally comprise a majority of
6-acyl LPS in their outer membranes. The present invention
features viable Gram-negative bacteria comprising an outer
membrane that substantially lacks components (e.g., ligands)
that act as agonists of Toll-like receptor 4 (TLR4)/MD-2. The
components (e.g., ligands) may comprise lipid A, a 6-acyl
lipid (e.g., 6-acyl LPS), the like, or a combination thereof. In
contrast to normal LPS (or lipid A, 6-acyl lipid), lipid IV ,, or
4-acyl LPS binds less tightly to human, TLR4/MD-2 and acts
as amild antagonist to TLR-4/MD2 rather than as an agonist.
In some embodiments, the ligand substantially lacking in the
outer membrane comprises a Lipid IV, or derivatives of lipid
v,

As used herein, the term “substantially lacks” means that
the outer membrane has from about zero of the agonist ligand
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up to a level of such ligand that does not induce a response
above about 25% of the maximal signal in the HEK-blue
assay when 20 pg of outer membrane is added to a single
assay well. In some embodiments, a HEK-Blue assay that
may be used in accordance with the present invention may be
obtained from InvivoGen, 3950 Sorrento Valley Blvd., Suite
100, San Diego, Calif. 92121 (USA), catalog #hkb-htlr4, and
the assay protocol is submitted in FIG. 92. For example, in
some embodiments, outer membrane that substantially lacks
a ligand that acts as an agonist of Toll-like receptor 4 (TL.R4/
MD-2) means that the outer membrane does not have the
ligand at all. In some embodiments, the outer membrane may
have a low amount of agonist for TLR4/MD-2 present at a
level that is below the detection limit in a HEK-blue cell-
based assay when tested as a membrane extract at up to 20 g
per well. The human cell line HEK-blue is engineered to be
very sensitive to TLR4/MD-2 signaling, and this assay will
give a very strong signal when only 20 pg of LPS is present
per well. In some embodiments, a very low signal (e.g., less
than about 25% of the maximal value) is seen even at a level
ot 20 pg of outer membrane per well.

The Gram-negative bacteria of the present invention
include but are not limited to Escherichia coli. For example,
distantly related Gram-negative species such as Pseudomo-
nas species may also be engineered to grow while lacking
TLR4/MD2 agonist as a component of their outer membrane.
In some embodiments the Escherichia coli strain is K-12,
W3110, MG1655, B/r, BL21, O157:h7, 042, 101-1,1180,
1357, 1412, 1520, 1827-70, 2362-75, 3431, 53638, 83972,
929-78, 98NK2, ABU 83972, B, B088, B171, B185, 8354,
B646, B7A, C, ¢7122, CFT073, DH1, DHS5a, E110019,
E128010, E74/68, E851171, EAEC 042, EPECall,
EPECal2, EPECal4, ETEC, HI10407, F11, F18+,
FVECI1302, FVEC1412, GEMS_EPECI, HB101, HT115,
KO11, LF82, LT-41, LT-62, LT-68, MS107-1, MS119-7,
MS124-1, MS 145-7, MS 79-2, MS 85-1, NCTC 86, Nissle
1917, NT:H19, NT:H40, NU14, O103:H2, O103:HNM,
0103:K+, 0104:H12, O108:H25, O109:H9, O111:H-,
O111:H19, OI111:H2, O111:H21, O111:NM, O115:H-,
O115:HMN, O115:K+, O119:H6, O119:UT, O124:H40,
0O127a:H6, O127:H6, 0O128:H2, O131:H25, 0O136:H-,
0139:H28 (strain E24377A/ETEC), O13:H11, O142:H6,
0145:H-, O153:H21, O153:H7, O154:H9, 0157:12, O157:
H-, O157:H12, 0157:H43, O157:H45, O157:H7 EDL933,
O157:NM, OI15:NM, O177:H11, >017:K52:H18 (strain
UMNO26/EXPEC), 0180:H-, O1:K1/APEC, 026, O26:H-,
026:H11, 026:H11:K60, 026:NM, O41:H-, 045:K1 (strain
S88/ExPEC), O51:H-, O55:H51, O55:H6, 055:H7, O5:H-,
06, 063:H6, O63:HNM, 06:K15:H31 (strain 536/UPEC),
0O7:K1 (strain IAI39/EXPEC), O8 (strain TAI1), O81 (strain
EDla), O84:H-, O86a:H34, O86a:H40, 090:H8, O91:H21,
09:H4 (strain HS), 0O9:H51, ONT:H-, ONT:H25, OP50,
Orough:H12, Orough:H19, Orough:H34, Orough:H37,
Orough:H9, OUT:H12, OUT:H45, OUT:H6, OUT:H7, OUT:
HNM, OUT:NM, RN587/1, RS218, 55989/EAEC, B/BL21,
B/BL21-DE3, SE11, SMS-3-5/SECEC, UTI89/UPEC,
TA004, TA155, TX1999, or Vir68.

In some embodiments, the viable Gram-negative bacteria
of the present invention have reduced activity of the func-
tional p-arabinose-5-phosphate (ASP) isomerases (APIs)
KdsD and GutQ. The reduced activity of functional APIs
KdsD and GutQQ may be a result of substantial inactivation of
the APIs, for example a chemical agent functioning to sub-
stantially inactivate the APIs, a dominant negative protein
functioning to substantially inactivate the APIs, an antibody
of fragment thereof that binds and functions to substantially
inactivate the APIs, or the like. In some embodiments, the



US 9,068,186 B2

17
reduced activity of functional APIs KdsD and GutQ) may be a
result of a partial or substantial deletion or a mutation in the
genes encoding the APIs (e.g., kdsD, gutQ). The bacteria may
include E. coli K-12 TCM15, BL21, BL21(DE3), W3110.
Suppressor Mutations

The viable Gram-negative bacteria of the present invention
comprise a suppressor mutation that enables growth despite
lacking any TL.R4 agonists in the membrane. For example,
the viable gram-negative bacteria may be derived from . coli
K-12 TCM15, which lacks both API genes (thus lacks Kdo)
and is not viable unless supplied with exogenous ASP. The
viable Gram-negative bacteria may comprise a suppressor
mutation that allows the bacteria to be viable despite lacking
both API genes (and Kdo). Suppressor mutations may include
gain-of-function suppressor mutations as well as loss-of-
function suppressor mutations. In some embodiments, the
suppressor mutation is a mutation in a gene encoding a trans-
porter or a membrane protein, e.g., the transporter MsbhA
encoded by msbA or the membrane protein YhjD encoded by
yhjD. The suppressor mutation may provide the transporter or
membrane protein an increased capacity to transport lipid
IV ,. The suppressor mutation may include an amino acid
substitution, for example a mutation at amino acid position
18, or at position 50, or at position 283, or at position 310, or
at position 448 in MsbA or a mutation at amino acid position
134 in YhjD. In some embodiments, the suppressor mutation
results in up-regulated expression of a transporter (e.g.,
MsbA), increasing the bacterium’s capability of transporting
lipid IV ,. The suppressor mutation is not limited to the afore-
mentioned examples. The bacteria may include E. coli K-12
KPM22,KPM22 .1, KPM22 LL11.In some embodiments, the
bacteria include E. coli K-12 KPM22 13, KPM22 114,
KPM22 L15, KPM22 18, KPM22 L20. In some embodi-
ments, the suppressor alleles of the . coli msbA gene may be
used in distantly related Gram-negative bacterial species
(such as Pseudomonas) even though the wild type E. coli
msbA gene itself cannot replace the native msbA gene.
Non-Revertable Strains

In wild-type Gram-negative bacteria, the O-acyl trans-
ferases LpxL. and LpxM add O-linked lipids to Kdo2-Lipid
IV, to form a 6-acyl lipid that functions as an agonist of
TLR4/MD-2. In the absence of Kdo, the O-acyl transferases
LpxL and LpxM fail touse Lipid IV, as a substrate and do not
add the O-linked lipids. However, itis possible that mutations
in IpxL. (encoding LpxL) or IpxM (encoding LpxM) may
alter specificity of the enzymes, allowing the transferases to
use lipid IV, as a substrate and thereby generating a 6-acyl
lipid that functions as an agonist of TLR4/MD-2. Or, muta-
tions may arise in promoters or regulators of IpxP or pagP,
activating expression of these normally absent or very low
abundance transferases. Or, mutations may arise in promoters
or regulators of IpxLL or IpxM, which may activate their
overexpression.

To help avoid these situations, the bacteria of the present
invention may further comprise a deletion (e.g. partial dele-
tion, substantial deletion, etc.) in one or more of the following
genes: [pxL, IpxM, pagP, and IpxP. Or, in some embodiments,
one or more enzymes (e.g., LpxL, LpxM, PagP, LpxP) are
substantially inactivated in the bacterium: In some embodi-
ments, the gene eptA encoding for the lipid A phosphoetha-
nolamine transferase is partially or substantially deleted. In
some embodiments, the bacteria is E. coli K-12 KPM279
(KPM22 A/pxL:Km*), KPM 280 (KPM22 AlpxM::Km™),
KPM 288 (KPM22 L1 AlpxL::Km™*), KPM 290 (KPM22 .11
AIXL:Km*), KPM 296 (KPM22 L11 AlpxL), KPM 300
(KPM22 L11 AlpxL AlpxM::Km™), KPM 303 (KPM22 L11
AlpxL AlpxM), KPM310 (KPM22 L.11 AlpxL. AlpxM Apag-
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P:Km™), KPM312 (KPM22 L11 AlpxL AlpxM ApagP),
KPM314 (KPM22 L[L11 AlpxL IpxM ApagP A/pxP::Km™),
KPM316 (KPM22 L11 AlpxL AlpxM ApagP AlpxP),
KPM317 (KPM22 111 AlpxL AlpxM ApagP OlpxP AeptA.::
Km*),or KPM 318 (KPM22 .11 AlpxL AlpxM ApagP AlpxP
AeptA) or further derivatives of these strains.

Laboratory Tools

The present invention also features laboratory tools,
reagents, strains (e.g., base strains, donor strains), and the
like, derived from the viable Gram-negative bacteria as
described. For example, in some embodiments, the bacteria
of'the present invention are competent to take up extracellular
DNA. In some embodiments, the bacteria are electrocompe-
tent. In some embodiments, the bacteria comprise a means of
conferring resistance to an antibiotic (e.g., kanamycin, peni-
cillin, neomycin, ampicillin, etc.). In some embodiments, the
bacteria comprise a means to express proteins for high-
throughput screening on cells. In some embodiments, the
bacteria comprise a means to express recombinant proteins
for research and/or therapeutic and/or diagnostic use.

The bacteria may comprise at least one additional suppres-
sor mutation that enables growth above 37 degrees Celsius
(e.g., at 42 degrees Celsius). The additional suppressor muta-
tions may for example stabilize the outer membrane of the
bacteria or enhance transport of a toxic precursor away from
the inner membrane. In some embodiments, bacteria can
grow exponentially above 37 degrees Celsius, for example at
about 38 degrees Celsius, at about 39 degrees Celsius, at
about 40 degrees Celsius, at about 41 degrees Celsius, at
about 42 degrees Celsius.

In some embodiments, the bacteria exhibit an exponential
phase doubling time of less than about 30 minutes at above 37
degrees Celsius. Or, the bacteria may exhibit an exponential
phase doubling time of less than 35 minutes or less than 40
minutes or less than about 45 minutes at above 37 degrees
Celsius. In some embodiments, the bacteria exhibit an expo-
nential phase doubling time of less than about 30 minutes (or
less than about 35 minutes or less than about 40 minutes or
less than about 45 minutes) at above 40 degrees Celsius. In
some embodiments, the bacteria exhibit an exponential phase
doubling time of less than about 30 minutes (or less than
about 35 minutes or less than about 40 minutes or less than
about 45 minutes) at 42 degrees Celsius. In some embodi-
ments, the bacterial strain is E. coli K-12 KPM296-6.

In some embodiments, additional suppressor mutations
may alter (e.g., enhance) the bacteria’s ability to grow in
various salt concentrations. In some embodiments, the viable
gram-negative bacteria are viable in a salt (NaCl) concentra-
tion between about 0.1M and 0.9M.

Donor strains may provide the ability to rapidly construct
new variant strains. The donor strains may comprise one or
more of the aforementioned gene modifications, for example
partial or substantial deletions in one of the following genes:
IpxL, IpxM, IpxP, pagG, eptA, kdsD, gutQ, etc. Each donor
deletion construct has a selectable marker gene cassette
replacing the deleted DNA sequence, and the cassette is
flanked by site-specific deletion sites in such an orientation
and arrangement that they may be used subsequently to delete
the selectable marker gene cassette when the corresponding
recombinase is transiently or temporarily introduced into the
strain.

In some embodiments, the bacteria further comprise an F
plasmid, an F' plasmid, or genes encoding for F pilus produc-
tion. In some embodiments, the bacteria can propagate bac-
teriophages fd, M13, or bacteriophages related to fd or M13.
In some embodiments a gene encoding for a DNA restriction
enzyme or a DNA methylation enzyme is mutated or deleted.
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This may allow for enhanced transformation and/or cloning
of unmodified DNA or PCR-amplified DNA. In some
embodiments a gene encoding for recA or endA is mutated,
partially deleted, or substantially deleted. Such inactivation
or deletion of recA results in a host that predominantly pro-
duces monomeric plasmid DNAs following transformation
with a plasmid. Inactivation of endA leads to increased yields
of supercoiled DNA of a plasmid introduced into such a
strain.

The present invention also features an outer membrane of a
Gram-negative bacterium that substantially lacks a ligand
that is an agonist of a TLR4/MD2 receptor.

Bacteria of the present invention may be used as donor
strains. In some embodiments, the donor strains may com-
prise an outer membrane that substantially lacks a ligand that
acts as an agonist of TLR4/MD2. In some embodiments, the
donor strains comprise a DNA cassette comprising a gene
having an open reading frame deletion. For example, the gene
may be selected from the group consisting of IpxL, IpxM,
pagP, IpxP, and eptA. The DNA cassette may further com-
prise a means of conferring resistance to an antibiotic and/or
a recombinase component.

The bacteria of the present invention may retain “scar”
DNA sequences at the site(s) of the engineered gene dele-
tions, particularly in one or more of the genes selected from
the group consisting of kdsD, gutQ, IpxL, IpxM, pagP, IpxP,
and eptA. The “scar” is produced upon deletion of the select-
able cassette by site-specific recombination. The recombi-
nase may be one selected from the group consisting of FLP,
Cre, Int/Xis, Hin, Gin, or the like. The scar produced may be
active for subsequent recombination by the same recombi-
nase, or alternatively the scar may be inactive for further
recombination events by the same recombinase. Deletion of
the selectable cassette DNA results in a strain that may be
used again as a recipient for subsequent transfer of a further
gene deletion using a similar selectable cassette, thereby
facilitating the construction of multiple gene deletions in a
single strain.

Methods

The present invention also features methods of selecting a
Gram-negative bacterium substantially lacking a ligand that
acts as an agonist of TLR4/MD2, wherein the bacterium is
capable of exponential growth at a temperature above 40
degrees Celsius. In some embodiments, the method com-
prises growing the bacteria that substantially lack the ligand
that acts as an agonist of the TLR4/MD2 receptor (e.g., lipid
A, 6-acyllipid, etc.) and has a suppressor mutation that allows
growth between about 30 to 40 degrees Celsius. The bacteria
can then be plated on a suitable nutrient medium and incu-
bated at 42 degrees Celsius. Single colonies that appear under
such conditions represent the bacterium substantially lacking
the ligand that acts as an agonist of TLR4/MD2 and capable
of exponential growth at 42 degrees Celsius.

The present invention also features methods of construct-
ing bacteria substantially lacking a gene selected from the
group consisting of IpxL, IpxM, pagP, IpxP, and eptA. The
method comprises obtaining a viable Gram-negative bacte-
rium comprising (i) an outer membrane that substantially
lacks a ligand that acts as an agonist of TLR4/MD2 and (ii) a
DNA cassette comprising a modified gene, the modified gene
being a modified target gene having an open reading frame
deletion, the DNA cassette further comprising a means of
conferring resistance to an antibiotic and further being
flanked by appropriate target sites for a site-specific recom-
binase. The method further comprises subjecting the bacte-
rium to Plvir transduction and replacing the target gene with
the modified resistance cassette gene via homologous recom-
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bination. Subsequently, a site-directed recombinase enzyme
or DNA encoding the enzyme is introduced into the cells and
this enzyme acts on the corresponding recognition sites flank-
ing the cassette to catalyze recombination, leaving a scar
sequence only in the chromosome (see Example 3 below).
Alternatively, the gene deletion cassette described above may
be introduced into the chromosome of the strain directly
using a PCR-amplified linear form of the cassette via the
“red-gam” homologous recombination method (see BMC
Molecular Biology 2008, 9:20). As above, the resistance gene
is then subsequently deleted using a site-specific recombina-
tion step, again leaving a “scar” sequence. P1vir transduction,
red-gam recombination using linear DNA, and site-directed
recombination are all techniques well known to one of ordi-
nary skill in the art.

Bacteria, for example Gram-negative bacteria such as F.
coli, are commonly used as expression systems for amplify-
ing DNA or expressing proteins of interest. In some cases, the
harvested DNA or protein obtained from the bacteria may be
contaminated with components of the bacteria, for example
ligands that act as agonists of TLR4/MD-2 (e.g., lipid A,
LPS). The contamination can have deleterious eftects on fur-
ther experiments and procedures, such as transient transfec-
tion of mammalian host cell lines, treatment of cultured mam-
malian cells that serve as reporter lines in cell-based
screening assay.

The present invention also features methods of producing
DNA samples substantially free of a ligand that acts as an
agonist of TLR4/MD-2. The method may comprise obtaining
gram-negative bacteria comprising an outer membrane that
substantially lacks the ligand that acts as an agonist of TLR4/
MD-2. The bacteria are generally competent to take up extra-
cellular DNA. A DNA vector can be introduced to the bacteria
via standard methods well known to one of ordinary skill in
the art. The bacteria function to amplify the DNA vector, and
the bacteria can be grown in appropriate media. The amplified
DNA sample can be harvested from the bacteria via a standard
DNA isolation protocol well known to one of ordinary skill in
the art. Because the bacteria used for amplification of the
DNA substantially lacks the ligand that acts as an agonist of
TLR4/MD-2, the DNA sample also substantially lacks of the
ligand. DNA isolated from these bacteria is of particular use
for transient transfection of mammalian cells for expression
of proteins encoded by the plasmid. LPS from the normal F.
coli employed as plasmid hosts can adversely affect the pro-
ductivity and yield of protein from transient transfection pro-
cedures.

The present invention also features methods of producing
protein samples substantially free of a ligand that acts as an
agonist of TLR4/MD2. The method may comprise obtaining
Gram-negative bacteria comprising an outer membrane that
substantially lacks the ligand that acts as an agonist of TLR4/
MD2 (the bacteria are competent to take up extracellular
DNA) and introducing a DNA vector expression construct to
the bacteria via standard protocols well known to one of
ordinary skill in the art. The DNA vector expression construct
comprises both a gene encoding a protein of interest
expressed from a functional promoter and a selectable marker
gene. In some embodiments, the bacteria comprise mutations
in or deletions of at least one of the following genes: IolA,
IoIB or Ipp.

The bacteria transformed with the DNA vector expression
construct can then be grown (e.g., via standard methods) so as
to allow the bacteria to express the protein of interest. In some
embodiments, the bacteria are induced to express the protein
of'interest. The protein of interest can then be harvested from
the bacteria via standard methods. In some embodiments, the
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bacteria are removed from the culture medium to leave the
protein of interest behind in the medium. Because the bacteria
used for protein expression lack the ligand that acts as an
agonist of TLR4/MD-2, the protein sample also substantially
lacks of the ligand.

Libraries are extremely useful tools for screening various
protein variants. The present invention also features a library
of bacteria, the bacteria being substantially free of a ligand
that acts as an agonist of TLR4/MD2. The library of bacteria
may express a series of variants of a protein. In some embodi-
ments, the library of bacteria is used to screen the protein
variants for activity in a mammalian cell based assay, how-
ever the present invention is not limited to mammalian cell
based assays. Members of the library may be generated via
phage display, via mutagenesis of a plasmid vector express-
ing a prototype member of the library, or via other standard
methods.

Various reagents, strains, and the like may be provided (or
combined with other reagents, strains, and the like) in the
form of a kit. For example, the kit may comprise a viable
Gram-negative bacterium having an outer membrane sub-
stantially free of a ligand that acts as an agonist of TLR4/
MD2, wherein the bacterium is competent to take up extra-
cellular DNA.

EXAMPLES

The examples provided below are merely examples to fur-
ther clarify the present invention, and do not limit the scope of
the invention in any way.

Example 1
Determination of Growth Rates

The following examples describe measurements of growth
rates of various strains according to the present invention. The
present invention is not limited to the following examples.
Growth rates of strains can be determined by monitoring the
cell densities at 600 nm of exponentially growing cultures.
Fresh overnight cultures can be diluted 1:50 in pre-warmed
media to continue the growth of the bacteria to the mid-
exponential growth phase (ODg,, 0f 0.5 t0 0.6). Cultures can
then be diluted again to an ODgy, of about 0.005 in pre-
warmed media to keep the cells growing exponentially for
determination of generation times. Media may comprise
Luria-Bertani (ILB) media, and may further comprise 10 g/L.
NaCl. As shown in FIG. 1, KPM22 L1, KPM22 L11, KPM22
L13, KPM22 .18, and KPM22 [.20 were grown at 37 degrees
Celsius. KPM22 L1, KPM22 L11, and KPM22 118 all had
generation times between about 36 to 44 minutes.

As shown in FIG. 2, E. coli strain KPM288 (KPM22 .1
AlpxL::Km"*) and strain KPM290 (KPM22 L11 AlpxL:
Km*) were grown in either Luria-Bertani (LB) media at 37
degrees Celsius or in LB media supplemented with 15 uM
D-arabinose 5-phosphate (ASP) and 10 uM p-glucose6-phos-
phate (G6P) at 37° C. Generation times in LB media were
calculated to be as follows: KPM288 45 min, KPM290 43
min. Results from growth in LB media supplemented with
ASP and G6P were as follows: KPM288 ceased to grow
exponentially after 2-3 generations, KPM290 46 min.

As shown in FIG. 3, E. coli strain KPM303 (KPM22 [.11
AlpxL AlpxM) was grown at 37° C. in either LB media, LB
media supplemented with 15 pM ASP and 10 pM G6P, Super
Broth (SB) media (containing 10 g/[. NaCl), or SB media
(containing 10 g/I NaCl) supplemented with 15 uM ASP and
10 uM G6P. SB media did not improve the growth rate of
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KPM303 as compared to LB media. However, in contrast to
the growth in LB medium supplemented with ASP and G6P,
KPM303 continued to grow exponentially after 2-3 genera-
tions when cultivated in SB supplemented with ASP and G6P.

As shown in FIG. 4, E. coli strains KPM303 (KPM22 .11
AlpxL, AlpxM), KPM312 (KPM22 L11 AlpxL AlpxM
ApagP), and KPM316 (KPM22 .11 AlpxL. AlpxM ApagP
AlpxP) were grown at 37° C. in either SB media or SB
supplemented with 15 pM ASP and 10 uM G6P. Generation
times in SB media were as follows: KPM303 54 min,
KPM312 50 min, KPM316 46 min. Generation times in SB
media supplemented with ASP and G6P were as follows:
KPM303 39 min, KPM312 42 min, KPM316 42 min.

As shown in FIG. 5, E. coli strain KPM316 was grown at
37° C. in either SB medium supplemented with 10 mM
MgSO, and 2 mM CaCl, or SB medium supplemented with
10 mM MgSQO,, 2 mM CaCl,, 15 uM A5P, and 10 pM G6P.
KPM316 had a generation time of 51 min in SB with 10 mM
MgSO, and 2 mM CaCl,. KPM316 had a generation time of
46 minutes in SB with 10 mM MgSO,,, 2 mM CaCl,, 15 uM
AS5P, and 10 pM G6P.

As shown in FIG. 6, E. coli strains KPM316 and KPM318
were grown at 37° C. in either SB medium or SB medium
supplemented with 15 uM ASP, and 10 uM G6P. KPM316 and
KPM318 showed generation times of 39-44 min in these
media.

Example 2
Generation of Temperature-Resistant Strains

The following example describes generation of a tempera-
ture-resistant derivative of KPM296. The present invention is
not limited to the following example. Fresh overnight cultures
of KPM296 grown in LB medium at 37° C. can be plated on
LB agar plates and incubated at 42° C. Incubation at 42° C.
can be continued for several days, for example four to five
days. Clones with colony-forming ability at 42° C. may
appear (representing 42° C.-resistant derivatives of
KPM296). The 42° C.-resistant strains can be confirmed by
overnight growth on LB agar plates at 42° C. KPM296-6 is a
42° C.-resistant derivative of KPM296.

As shown in FIG. 7, E. coli strains KPM296-6 and
KPM316 (KPM22 111 AlpxL. AlpxM ApagP AlpxP) were
grown at 37° C. in either SB with 10 mM MgSO, and 2 mM
CaCl,, or in SB with 10 mM MgSO,, 2 mM CaCl,, 15 uM
ASP, and 10 uM G6P. The growth rate of KPM296-6 in SB
medium with 10 mM MgSO,, and 2 mM CaCl, was 48 min. In
SB with 10 mM MgSO,, 2mM CaCl,, 15 uM A5P, and 10 pM
G6P the growth rate of KPM296-6 was 42 min.

As shown in FIG. 8, a series of E. coli strains isolated
independently from parallel selections at 42° C. from
KPM296 were grown at in SB medium at 42° C. Virtually
every isolate tested, including KPM296-6, exhibits exponen-
tial growth at 42° C., with a wide variation in doubling times.
The parental strain, KPM296, was unable to grow atall in LB
or in SB medium at 42° C.

KPM316 and KPM318 have also been successfully used to
select a series of independent isolates able to grow at 42° C.
by this method.

Example 3
Strain Construction

The following example describes construction of various
aforementioned strains. The present invention is not limited
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to these examples. Kanamycin resistance cassettes targeting
the IpxL, IpxM, pagP, IpxP, and/or eptA genes can be gener-
ated in donor strains using the phage ARed recombinase pro-
cedure, and then transferred to a KPM strain by Plvir trans-
duction. Excision of the kanamycin resistance gene can be
carried out in the presence of the FLP recombinase, and the
temperature-sensitive helper plasmid pCP20 can be removed.
Plvir transduction and other such techniques are well known
to one of ordinary skill in the art.

For example, the AlpxL::Km™ cassette can be generated in
KPM22 to yield strain KPM279 (KPM22 uplpxL::Km®).
KPM279 can be used as a donor for transfer of the AlpxL:
Km™ cassette to KPM22 L1 via Plvir transduction to yield
strain KPM288 (KPM22 L1 AlpxL.::Km™) or to KPM22 .11
via Plvir transduction to yield strain KPM290 (KPM22 L1
AlpxL::Km™).

Further, strain KPM316 (KPM22 L11 AlpxL. AlpxM
ApagP AlpxP) can be obtained via successive deletions of the
acyl transferases (in the following order) using KPM280
(KPM22 AlpxM::Km™), BW30270 AlpxP:Km®*, and
BW30270 ApagP::Km* as donor strains of the target-
ing cassettes, respectively: KPM 290 (KPM22 .11 AlpxL:
Km")>KPM 296 (KPM22 L11 AlpxL)>KPM 300
(KPM22 L11 AlpxL AlpxM:Km*)>KPM 303 (KPM22
L11 AlpxL AlpxM)>KPM310 (KPM22 L11 AlpxL
AlpxM  ApagP:Km*)»KPM312 (KPM22 L[11 AlpxL
AlpxM  ApagP)>KPM314 (KPM22 L11 AlpxL AlpxM
ApagP AlpxP::Km*)>KPM316 (KPM22 .11 AlpxL. AlpxM
ApagP AlpxP).

KPM318 was derived from KPM316 by Plvirtransduction
of the AeptA::Km™ created by the ARed recombinase proce-
dure in BW30270AeptA:: Km* to give KPM317 (KPM316
AeptA::Km™) which was then cured of the Km cassette by
transient expression of FLP recombinase. PCR amplification
using primers that flank each deletion were used to confirm
the deletions against control DNA from the parental
BW30270 (FIG. 9). In each case the parental strain shows a
larger PCR product with the primers that flank the gene
deleted in KPM318.

Example 4
Other Reagents and Methods

The following example describes other reagents and meth-
ods that may be used in accordance with the present inven-
tion. The present invention is not limited to these examples.

The presence of endotoxin (e.g., LPS) can be detected via
standard assays. For example, HEK-Blue™ [PS Detection
Kits (Invivogen, San Diego, Calif.) may be used. In this assay,
HEK-Blue™-4 cells are extremely sensitive to LPS (lipid A),
and can be used to detect concentrations of LPS (lipid A) as
low as 0.3 ng/mL. The assay can be followed according to the
manufacturer’s protocol.

Whole cells and also outer membrane extracts of cells were
tested in the HEK-Blue™ LPS Detection Kit. Control wild
type cells and outer membranes were prepared from the par-
ent BW30270, and these were tested with samples of cells and
extracts from KPM316 and KPM318. The results, shown in
FIG. 10, demonstrate that the HEK-Blue™ LPS assay is
extremely sensitive to LPS endotoxin, responding to as little
as 2 pg of LPS. Signals in any of the samples prepared from
KPM316 or KPM318 were at essentially background levels,
even at 20 micrograms of outer membrane added to an assay,
9 orders of magnitude less potent for TLR4/MD2 signalling.
Whole cells of KPM316 or KPM318 were also unable to elicit
a significant signal at the highest levels tested, in contrast to
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the whole cells of BW30270, which gave significant response
at levels 4 orders of magnitude lower.

Analysis of the ESI-Mass spectra of the outer membrane
extracts of KPM?316 showed the expected prominent masses
for lipid IVS and lipid IVS-Ethanolamine (FIG. 11 panel A).
ESI-MS of KPM318 outer membranes showed only lipid IVS
(FIG. 10 panel A), as expected since the ethanolamine trans-
ferase has been deleted from this strain.

Plvir transduction is a standard method used to move
genes/alleles from a donor strain to a recipient strain via
Plvir, a mutant bacteriophage that enters the lytic phase upon
infection. P1 (Plvir) can package approximately 90 kb of
DNA, so it is generally used with a selectable marker. To
perform such experiments, donor strains (and recipient
strains) are cultured. Plvir can then be added to the donor
strain culture and monitored until the culture has completely
lysed. Lysate is then harvested and added to the culture of
recipient cells. Following incubation of the recipient cells
with the lysate, the recipient cells are plated on selective
media to select for colonies with the selectable marker (and
thus the gene of interest).

The complete sequence of the E. coli K-12 strain is pro-
vided in Blattner F R et al. (Science. 1997 Sep. 5; 277(5331):
1453-62) and Riley M et al. (Nucleic Acids Res. 2006 Jan. 5;
34(1):1-9. Print 2006). The generation of the KPM316 strain
is outlined in FIG. 12. msbAS52 replaces the wild type allele of
msbA, wherein a C at 965895 is replaced by a T, resulting in
a Serine instead of Proline at amino acid 18 in the MsbA
protein (FIG. 12a). The following were deleted from the
parental strain: AgutQ (FIG. 125), AkdsD (FIG. 12¢), AlpxL
(FIG. 12d), AJpxM (FIG. 12¢), ApagP (FIG. 12f), and AlpxP
(FIG. 12g). The KPM316 sequence was compared to that of
the wild-type strain MG1655 (FIG. 13). The functions of
these mutations are unknown.

The generation of the KPM318 strain is outlined in FIG.
14. msbAS2 replaces the wild type allele of msbA, wherein a
C at 965895 is replaced by a T, resulting in a Serine instead of
Proline at amino acid 18 in the MsbA protein (FIG. 14a). The
following were deleted from the parental strain: AgutQ (FIG.
14b), AkdsD (FIG. 14¢), AlpxL (FIG. 14d), AlpxM (FIG.
14e), ApagP (FI1G. 14f), AlpxP (FIG. 14g), and AeptA (FIG.
14f). Examples of generated strains are provided in Table 1.

The KPM318 and BW30270 strains were sequenced at the
Scripps Core DNA sequencing facility using an Illumina
DNA sequencer. The sequences were generated using paired
end reads of 40 or 60 bases. DNA samples were prepared
from each strain and used to generate end-tagged libraries. Up
to six libraries were run per lane, along with a reference lane.
The other lanes were used for additional unrelated DNA
reads, which served as further internal controls. Single nucle-
otide polymorphisms (SNPs) refer to all single base changes
defined as being 100% mutant by the Scripps analysis pro-
grams when compared to the reference genome, the Blattners
MG1655 strain. Deletion/insertion polymorphisms (DIPS)
refer to all the deletions or insertions (up to 6 bp) defined by
the Scripps analysis programs, again using MG1655 as the
reference. Only those detected at 100% of reads are provided.
Whole gene deletions were independently confirmed by sepa-
rate sequence alignments. The KPM318 sequence was com-
pared to that of the wild-type strain BW30270 (FIG. 15).
Sequencing identified the msbA-P18S suppressor allele,
which was previously established to exist in the original KPM
strain (FIGS. 14 and 15). All known changes introduced by
strain engineering were determined to be present at 100%
frequency. This was true for all engineered deletions and
point mutations.
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Temperature-resistant derivatives of KPM318 were iso-
lated in an attempt to identify more robust strains. Overnight
cultures of KPM318 grown in LB medium at 37° C. were
plated onto LB-agar plates and incubated at 42° C. Only after
continued incubation of the plates at 42° C. for four to five
days, a number of clones were obtained that regained their
colony-forming ability at the elevated temperature. The 42°
C.-resistant phenotype of randomly selected clones was con-
firmed by overnight growth on L.B-agar plates at 42° C. A
series of independent, nonclonal 42° C.-resistant derivatives
of KPM3 18 were identified. Among atotal of 24 temperature-
resistant KPM318 derivatives, the strains KPM318-9,
KPM318-10, KPM318-19 and KPM318-23 displayed the
best growth characteristics, being capable of exponentially
growing at temperatures of 30° C.,37° C. and 42° C. in either
SB medium (FIGS. 16, 18, and 20) or under conditions of
restored LPS biosynthesis in SB medium supplemented with
15 uM p-arabinose S-phosphate (ASP) and 10 uM D-glucose
6-phosphate (G6P) (FIGS. 17, 19, and 21). Therefore, these
temperature-resistant strains exhibit robust growth character-
istics over a range of temperatures.

The KPM318-9, KPM318-10, KPM318-19 and KPM318-
23 strains were sequenced at the Scripps Core DNA sequenc-
ing facility using an Illumina DNA sequencer (FIG. 22).
Specific mutations were identified that may account for the
viability of the strains at 42° C. Strains KPM318-9 and
KPM318-10 express a frr-D61Y mutation that alters a ribo-
somal recycling factor (FIGS. 22a¢ and 225). The KPM318-19
strain has a frameshift mutation in efp, which encodes elon-
gation factor P (FIG. 22¢). The KPM318-23 strain has a
deletion of P146 and 1.147 in ded, which encodes the deoxy-
cytidine deaminase gene (FIG. 224). The specific functions of
these mutations are unknown.

The LPS/lipid IVA composition of the KPM318-9,
KPM318-10, KPM318-19 and KPM318-23 strains was ana-
lyzed. The cultures (2.5 L each) were grown at 42° C. to
stationary phase in either LB medium or LB medium supple-
mented with ASP/G6P. The LPS/lipid IV , was extracted from
the dried biomass of each strain using either the original
phenol-chloroform-light petroleum (PCP) procedure for
those strains grown in LB medium with ASP/G6P or a modi-
fied PCP protocol for strains grown in [.LB-only medium. Then
the extracts were subjected to ESI FT-ICR mass spectrometry.
The KPM?318-23 strain grown in LB medium predominantly
expresses lipid IV, (peak at 1404.86 u) at 42° C. (FIG. 23).
When the 42° C.-resistant KPM318 derivatives were grown
in LB medium supplemented with ASP/G6P, biosynthesis of
the E. coli K-12 core oligosaccharide was restored. There was
expression of a similar mixture of different glycoforms in all
strains, albeit attached to the tetraacylated precursor lipid IV ,
(FIGS. 24-26). LPS isolated from the parental strain KPM318
grown at 37° C. in LB medium supplemented with ASP/G6P
was used as a control for all these experiments (FIG. 27). A
number of the molecular masses of the different glycoforms
expressed by KPM318 could be assigned and are provided in
Table 2. Taken together, the overall LPS/lipid IV, composi-
tion of the 42° C.-resistant derivatives of KPM318 did not
show any peculiarities with respect to the typical heteroge-
neous oligosaccharide composition of the K-12 core. All
outer membrane preparations of these strains showed no lipid
A; they only contained lipid IV .

The biological activity of both the bacterial cells and the
LPS/lipid IV, isolated from various KPM strains grown in
either LB/SB medium or LB/SB medium supplemented with
ASP/G6P was examined using the HEK-Blue LPS detection
assay (InvivoGen). For preparation of bacterial cells for this
detection assay, 1 ml of an overnight culture of each strain
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was sedimented by centrifugation and washed in Dulbecco’s
phosphate buffered saline (DPBS). To kill the bacterial cells,
the pellet was subsequently resuspended in 1 ml of a 10x
conc. penicillin-streptomycin (Pen-Strep) in DPBS solution.
The mixture was incubated at room temperature for 2 hr and
stored at 4° C. overnight. At the same time, serial dilutions of
the overnight cultures were prepared for calculation of cell
number (cfu/ml) of the overnight cultures/Pen-Strep killed
cells. The Pen-Strep suspensions of the strains were diluted to
10® cfu/ml in 10x conc. Pen-Strep in DPBS solution, and
serial dilutions of the suspensions were then prepared in 10x
conc. Pen-Strep in DPBS solution to yield bacterial cell sus-
pensions of 107, 10°, 10°, 10*, 10°, 10 and 10" cf/ml. A
typical HEK-Blue LPS detection assay using serial dilutions
of bacterial cell suspensions from strains BW30270,
KPM316 and KPM318 is shown in FIG. 28. There is little to
no LPS activity in the bacterial cell suspensions from the
KPM316 and KPM318 strains grown in LB medium, as com-
pared to the control strain BW30270. There is a slight
increase in activity for the KPM316 and KPM318 strains
grown in media supplemented with ASP/G6P. There is little to
no NFkB activation induced by serial dilutions of the LPS/
lipid IV, samples isolated from the KPM316 and KPM318
strains (FIG. 29).

The biological activity of the LPS/lipid IV, isolated from
the temperature-resistant strain KPM318-9 grown at42° C. in
LB-only medium and LB medium supplemented with ASP/
G6P was compared with the ability of LPS/lipid IV, samples
from BW30270, KPM316 and KPM318 to induce NFkB
activation in HEK-Blue cells. Strain BW30270 was grown at
37°C. in LB medium, whereas strains KPM316 and KPM318
were cultivated at 37° C. in either LB medium or LB medium
containing ASP/G6P. To examine the potential antagonistic
activity of KPM318-9, constant amounts of the LPS/lipid IV ,
isolated from KPM318-9 (256 pg) were mixed with decreas-
ing amounts of BW30270-derived LPS. The LPS/lipid IV ,
from LPM318-9 is a potent antagonist of LPS activity as
demonstrated by the ability of BW30270 to compete with this
antagonist when it is present at high concentrations (FIG. 29,
lanes 9-12).

A human TNF-alpha ELISA was performed with LPS/
lipid IV, samples isolated from the KPM316 and KPM318
strains grown at 37° C. in either LB medium or LB medium
containing ASP/G6P (FIGS. 30-32). The S-LPS isolated from
E. coli K-235 was used as a positive control. The blood was
separated using Biocoll (density: 1.077 g/ml.). Mononuclear
cells (MNCs) were isolated and washed twice in Hanks and
once in VLE RPMI. The monocytes were differentiated into
macrophages by incubating them in Teflon bags with M-CSF.
The macrophages were harvested after 7 days. The number of
cells was determined. Macrophages were seeded into flat-
bottom 96 well plates at 1x10° cells/well in VLE RPMI+100
U penicillin+100 pg/ml streptomycin+2 mM L-glutamine+
4% AB-serum (and free of serum). The LPS/lipid IV,
samples were isolated from KPM316 and KPM318 strains
and preincubated at 37° C. and 5% CO, for 30 min. S-LPS
K-235 was added to the samples for 4 hr. Supernatants were
removed and stored overnight at 4° C. An ELISA was per-
formed to assess TNF-alpha activity (BD Biosciences
#555212). Serial dilutions of the LPS samples in VLE RPMI
without AB-serum were prepared. KPM318 LPS LB,
KPM316 LPS LB, KPM 318 LPS LBAG, and KPM 316 LPS
LBAG were prepared at 1 mg/ml in 20 mM HEPES, pH 7.0.
Then serial dilutions from 100 ug/mlL. to 1 ng/ml. were pre-
pared. The plates were coated with capture antibody, which
was diluted 1:250 in coating buffer (PBS). The plate was
agitated overnight and then washed three times with wash
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buffer. The plate was blocked with180 ul assay diluent/well
and agitated at room temperature for 1 hr. The plate was
washed three times with wash buffer.

Samples were diluted in assay diluent and serial dilutions
of the standard were prepared as follows:

1:212=500 pg/ml

1:2=250 pg/ml

1:2=125 pg/ml

1:2=62.5 pg/ml

1:2=31.25 pg/ml

1:2=15.6 pg/ml

1:2=7.8 pg/ml

1:2=3.9 pg/ml
The plates were agitated with standard, samples and blank at
room temperature for 2 hr. The plate was washed three times
with wash buffer. The detector solution and detection anti-
body (biotinylated anti-human TNF-alpha) were added to the
plate at 1:1000. The enzyme reagent (streptavidin-horserad-
ish peroxidase conjugate) was added at 1:250. The plate was
agitated at room temperature for 1 hr and then washed three
times with wash buffer. The plate was agitated in the dark with
TMB (1:20) in substrate buffer. The plate was incubated for a
minimum of 30 min until the wells turned blue. The reaction
was stopped with 50 pl/well H,SO,. The absorbance was
measured at 450 nm. The LPS/lipid IV, isolated from the
positive control K-235 potently increased TNF-alpha activity
atall concentrations tested (FIG. 30). The LPS/lipid IV, from
the KPM316 and KPM318 strains was able to inhibit the
induction of TNF-alpha by the K-235-derived LPS at all
concentrations tested (FIG. 30); therefore, the LPS/lipid IV ,
isolated from the KPM316 and KPM318 strains is a potent
antagonist of LPS activity. The LPS/lipid IV, from the
KPM316 and KPM318 strains grown in medium containing
4% AB-serum was able to inhibit the release of TNF-alpha
from macrophages (FIG. 31). The LPS/lipid 1V, from the
KPM316 and KPM318 strains grown in serum free medium
was able to inhibit the release of TNF-alpha from macroph-
ages (FIG. 32). Therefore, the LPS/lipid IV isolated from the
KPM316 and KPM318 strains is a potent inhibitor of TNF-
alpha activity.

LPS is known to exert its inflammatory functions via acti-
vation of the TLR4 receptor in human cells. The biological
activity of the LPS/lipid IV, from the KPM316 and KPM318
strains was evaluated by assessing the release of IL.-8 from
HEK293 hTLR4/MD2 #33 (FIG. 33) and HEK293 hTLR4 #2
cells (FIG. 34). h"TLR4/MD2 #33 cells respond to LPS bind-
ing, generating a signal, while HEK293 hTLR4 #2 cells
respond to peptidoglycan, and not to LPS. Therefore, the
latter cell line can be used to assess LPS specificity. S-LPS
from the K-235 strain was used as a positive control in these
assays. The HEK293 hTLR4/MD2 #33 cell medium was
DMEM (Biochrom) supplemented with Pen/Strep/Glu and
10% FCS. There were 50,000 HEK293 hTLR4/MD2 #33
cells/well seeded in the wells. The cells were stimulated in the
presence of the LPS/lipid IV, samples for a period of 24 hr,
followed by measurement of human IL-8 release (BD Bio-
sciences #555244). The LPS/lipid IV, from the KPM316 and
KPM318 strains was able to block the release of IL-8 from
HEK293 hTLR4/MD2 #33 cells (FIG. 33). The LPS/lipid
IV, extracts from the strains were crude extracts as they were
able to promote the release of IL-8 from HEK293 hTLR2 #2
cells (FIG. 34). TLR2 is a receptor for peptidoglycan, another
bacterial component that can cause cytokine signalling. The
abundance of free peptidoglycan is typically far lower than
the levels of LPS, so it is usually a minor component. Here it
is used to demonstrate that the extracts do indeed contain
material derived from the outer membrane-periplasm of the
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cells, since this is where peptidoglycan is located. The HEK
cells over expressing TL.R4/MD2 (cell line #33) responded to
LPS binding, i.e., released IL-8 (FIG. 33), while the HEK
cells over expressing TLR2 (cell line #2), which respond to
peptidoglycan, do not respond to LPS (FIG. 34). Therefore,
this control confirms that something from the outer mem-
brane extracts was indeed added to the assays in both cases.

The ability of the KPM318-9, KPM318-10, KPM318-19
and KPM318-23 strains to overexpress heterologous genes
was assessed. The MalE-LacZa fusion protein was used as a
model protein to investigate the capability of these strains to
express cytoplasmic and periplasmic variants of the MalE
protein in large quantities under standard growth and induc-
tion conditions. The BW30270, KPM318, KPM318-9,
KPM318-10, KPM318-19 and KPM318-23 strains were
transformed each with plasmids pMAL-c2 and pMAL-p2 for
cytoplasmic (FIG. 35, upper panel) and periplasmic MalE-
LacZa (FIG. 35, lower panel) expression, respectively. The
following strains were obtained:

BW30270/pMAL-c2 (control)

KPM318/pMAL-c2

KPM318-9/pMAL-c2

KPM318-10/pMAL-c2

KPM318-19/pMAL-c2

KPM318-23/pMAL-c2

BW30270/pMAL-p2 (control)

KPM318/pMAL-p2

KPM318-9/pMAL-p2

KPM318-10/pMAL-p2

KPM318-19/pMAL-p2

KPM318-23/pMAL-p2

To induce expression of MalE-LacZal[] isopropyl-[J-p-
thiogalactoside (IPTG) was added to a final concentration of
0.4 mM when the cultures reached the mid-exponential
growth phase at an OD, of approximately 0.6. For strains
carrying the plasmid pMAL-c2, the cells were harvested prior
to induction (uninduced), 3 hr after induction, as well as after
overnight induction. For strains with plasmid pMAL-p2,
samples were taken from uninduced cells and after induction
times of 3 hr, 6 hr, 12 hr, and 24 hr. The ability to secrete the
MalE-LacZa protein into the medium was additionally
examined for strains carrying the pMAL-p2 plasmid, with
pMAL-c2 strains used as controls. Protein extracts were pre-
pared using the BugBuster reagent according to the manufac-
turer’s recommendations (Novagen). Western blot analyses
using a monoclonal antibody against MalE (NEB) were per-
formed to detect MalE-LacZa expression.

The expression levels of MalE-LacZao were highest at 3 hr
post-induction in pMAL-c2 strains, and at 3 hr and 6 hr
post-induction in pMAL-p2 strains (FIGS. 36-42). Expres-
sion of MalE-LacZo was consistently highest in strains
KPM318, KPM318-9 and KPM318-10, showing almost
identical expression levels to the BW30270 wild-type con-
trols (FIGS. 36-42). As expected, both Coomassie-blue
stained polyacrylamide gels and immunoblots did not detect
MalE-LacZc. in the culture media of strains carrying the
plasmid pMAL-c2 for cytoplasmic expression of the protein
(FIGS. 36-42). In contrast, the abundance of the MalE-LacZa
protein in the culture media of pMAL-p2 strains apparently
increased with increasing duration of IPTG induction. This
did not only apply to all KPM mutants, but also to the
BW30270 wild-type strain (FIGS. 36-42). It is unknown
whether the presence of MalE-LacZa in the culture medium
is a result of secretion of the protein as a result of a compro-
mised outer membrane in the KPM strains or simply cell lysis
due to periplasmic overexpression of the protein under the
experimental conditions used in this study. MBP is known to
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be highly expressed in E. coli. The KPM18 temperature-
resistant derivatives exhibited similar levels of protein
expression to the wild-type control strain BW30270. These
strains secrete or leak MBP more readily than the wild-type
strain, which allows the collection of protein in the absence of
cell lysis.

The ability of KPM318 and its temperature-resistant
derivatives to produce the human ApoAl protein was inves-
tigated. The apoAl gene optimized for codon usage of E. coli
was synthesized and cloned under the control of the Tn5
promoter in pJexpress404 by the company DNA 2.0. For
periplasmic expression of ApoAl, the gene was fused to the
leader sequence of ompA for the major outer membrane
protein A of . coli. In addition, both the cytoplasmic and the
periplasmic version of the apoAl gene were C-terminally
fused to a 6xHis:tag-coding sequence. The strains were trans-
formed with pJexpress404:51149 and pJexpress404:51150
for cytoplasmic (FIG. 43, upper panel) and periplasmic
ApoAl (FIG. 43, lower panel) expression, respectively.
Despite several attempts, the strain KPM318-23 could not be
transformed with the pJexpress404:51149 and pJexpress404:
51150 expression vectors. The following strains were
obtained:

1. BW30270/pJexpress404:51149 (control)

. KPM318/pJexpress404:51149

. KPM318-9/pJexpress404:51149

. KPM318-10/pJexpress404:51149

. KPM318-19/pJexpress404:51149

. BW30270/pJexpress404:51150 (control)
. KPM318/pJexpress404:51150

. KPM318-9/pJexpress404:51150

9. KPM318-10/pJexpress404:51150

10. KPM318-19/pJexpress404:51150
The cultures were grown overnight at 37° C. in 5 ml of SB
medium containing 100 pg/ml ampicillin. The overnight cul-
tures (1:50) were diluted in 40 ml of pre-warmed SB medium
containing 100 ng/ml ampicillin. The cultures were grown at
37° C. and agitated at 250 rpm to an OD,, of approximately
0.6. The cell number (cfu/ml) for each strain was determined
(Table 3). The uninduced cultures were centrifuged for 10
minat 6,000 rpm (4° C.). A 1 ml aliquot of each pJexpress404:
51150-culture supernatant was obtained for further analysis.
The 1-ml culture supernatants and cell pellets were frozen
and stored at —80° C. IPTG was added to the cultures (at a
final concentration of 0.4 mM). The cells were incubated at
37° C. and agitated at 250 rpm for 3 hr. The cell number
(cfu/ml) for each strain (Table 4) was evaluated. After the 3 hr
induction, 5 ml of each culture was removed:

1. BW30270/pJexpress404:51149—induced (3 hr)

2. KPM318/pJexpress404:51149—induced (3 hr)

3. KPM318-42C 9/plexpress404:51149—induced (3 hr)

4. KPM318-42C 10/pJexpress404:51149—induced (3 hr)

5. KPM318-42C 19/plexpress404:51149—induced (3 hr)
6. BW30270/plexpress404:51150—induced (3 hr)
7
8
9
1

CO 1O\ BN

. KPM318/pJexpress404:51150—induced (3 hr)

. KPM318-42C 9/pJexpress404:51150—induced (3 hr)

. KPM318-42C 10/pJexpress404:51150 —induced (3 hr)

0. KPM318-42C 19/plexpress404:51150—induced (3
hr)
The induced cultures were centrifuged for 10 min at 6,000
rpm (4° C.). A 1 ml aliquot of each plexpress404:51150-
culture supernatant was obtained for further analysis. The
1-ml culture supernatants and cell pellets were stored at —80°
C. The induction was continued at 37° C. and 250 rpm. The
cell number (cfu/ml) for each culture was determined strain
after 6 hr of induction (Table 5). A 3 ml aliquot of each culture
was removed after 6 hr of induction:
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1. BW30270/pJexpress404:51149—induced (6 hr)

2. KPM318/pJexpress404:51149—induced (6 hr)

3. KPM318-42C 9/pJexpress404:51149—induced (6 hr)

4. KPM318-42C 10/pJexpress404:51149—induced (6 hr)

5. KPM318-42C 19/pJexpress404:51149—induced (6 hr)

6. BW30270/pJlexpress404:51150—induced (6 hr)

7. KPM318/pJexpress404:51150—induced (6 hr)

8. KPM318-42C 9/plexpress404:51150—induced (6 hr)

9. KPM318-42C 10/pJexpress404:51150 —induced (6 hr)

10. KPM318-42C 19/pJexpress404:51150—induced (6
hr)
The induced cultures were centrifuged for 10 min at 6,000
rpm (4° C.)
There was a 1 ml aliquot of each pJexpress404:51150 culture
supernatant removed for further analysis. The 1-ml culture
supernatants and cell pellets were frozen and stored at —80° C.
The induction was continued at 37° C. and 250 rpm. The cell
number (cfu/ml) was determined for each strain after 12 hr of
induction (Table 6). A 2 ml aliquot of each culture was
removed after the 12 hr induction:

1. BW30270/pJexpress404:51149—induced (12 hr)

2. KPM318/pJexpress404:51149—induced (12 hr)

3. KPM318-42C 9/plexpress404:51149—induced (12 hr)

4. KPM318-42C 10/plexpress404:51149—induced (12
hr)

5. KPM318-42C 19/pJexpress404:51149—induced (12
hr)

6. BW30270/pJexpress404:51150—induced (12 hr)

7. KPM318/pJexpress404:51150—induced (12 hr)

8. KPM318-42C 9/plexpress404:51150—induced (12 hr)

9. KPM318-42C 10/pJexpress404:51150 —induced (12
hr)

10. KPM318-42C 19/plexpress404:51150—induced (12
hr)
The induced cultures were centrifuged for 10 min at 6,000
rpm (4° C.). There was 1 ml of each plexpress404:51150-
culture supernatant obtained for further analysis. The 1-ml
culture supernatants and cell pellets were frozen and stored at
-80° C. The induction was continued at 37° C. and 250 rpm.
The cell number (cfu/ml) for each strain was determined after
2 hr of induction (Table 7). There was 1 ml of each culture
removed after the 24 hr induction:

1. BW30270/pJexpress404:51149—induced (24 hr)

2. KPM318/pJexpress404:51149—induced (24 hr)

3. KPM318-42C 9/pJexpress404:51149—induced (24 hr)

4. KPM318-42C 10/plexpress404:51149—induced (24
hr)

5. KPM318-42C 19/pJexpress404:51149—induced (24
hr)

6. BW30270/pJexpress404:51150—induced (24 hr)

7. KPM318/pJexpress404:51150—induced (24 hr)

8. KPM318-42C 9/plexpress404:51150—induced (24 hr)

9. KPM318-42C 10/pJexpress404:51150 —induced (24
hr)

10. KPM318-42C 19/plexpress404:51150—induced (24
hr)
The cultures were induced for 10 min at 6,000 rpm (4° C.).
The pJexpress404:51150-culture supernatants were obtained
for further analysis. The 1-ml culture supernatants and cell
pellets were frozen and stored at —80° C. The uninduced and
induced cells were thawed and all cell pellets were resus-
pended in 300 ul of 1x BugBuster. There was 3 ul of 20 mg/ml
lysozyme solution added to the samples and 0.5 ul of Benzo-
nase. The samples were incubated at room temperature for 20
min with shaking. The samples were centrifuged at 14,000
rpm for 20 min (4° C.). The 1x Bug Buster contains:
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1 ml 10x conc. BugBuster
200 pl 1 M Tris-HCI, pH 7.5 (20 mM Tris-HCI, pH 7.5)
3.5 pl 2-mercaptoEtOH (5 mM 2-mercaptoEtOH)

Both the cytoplasmic and the periplasmic version of the
human ApoAl protein, as analyzed by 12% SDS-PAGE, were
expressed in E. coli strains BW30270, KPM318, KPM318-9
and KPM318-10, but not in KPM318-19 (FIGS. 44-49). The
apparent relative molecular mass of the 29-kDa band was in
accordance with the calculated mass ofthe protein (29.4 kDa)
fused to the C-terminal histidine tag. Strikingly, periplasmi-
cally expressed ApoAl migrated as two bands with apparent
relative molecular masses of 29 kDa and 31 kDa, the latter
being consistent with the calculated mass of unprocessed
ApoAl of31.4kDa (FIGS. 47 and 48). It has been previously
shown that ApoAl is expressed in the cytoplasm of £. coli as
a mixture of soluble and insoluble protein, which suggests
that the supposed unprocessed form of ApoAl constitutes the
insoluble fraction of the protein that is not accessible to trans-
port to its final destination in the periplasm and processing.
However, we currently cannot rule out the possibility that the
appearance of the slower migrating band is a result of sample
preparation at 95° C. for 2 min prior to SDS-PAGE. In any
case, the results indicate that the expression rate of ApoAl in
the KPM strains was at least as high as in BW30270, showing
a steady level for at least 6 hr.

In contrast to the experiments performed with MalE-
LacZa., the volume of the culture media for SDS-PAGE
analyses was adjusted in relation to the optical density
(ODgpq) of plexpress404:51150-carrying cells so that the
amount of the culture supernatant loaded onto the polyacry-
lamide gel came from one and the same OD,, value (Tables
8-12). Remarkably enough and as presented for strain
KPM318-10/pJexpress404:51150 in FIG. 50, the optical cell
densities of all temperature-resistant strains increased while
the number of viable cells decreased over the entire period of
IPTG induction (Tables 3-7). As shown in FIGS. 51-53, the
strains carrying the pJexpress404:51150 plasmid were not
capable of secreting ApoAl into the culture medium. The
weakly Coomassie-stained bands rather resembled the pro-
tein banding pattern of the cell extracts and, thus, most likely
originated from cell lysis. By using immunoblots with a
Penta-His antibody (QIAGEN), we could corroborate all
findings of SDS-PAGE analyses (FIGS. 54-62). Taken
together, our data suggests that the 42° C.-resistant KPM318
derivatives KPM318-9 and KPM318-10 are suitable hosts for
protein expression. Optimization of the conditions for bacte-
rial growth, induction and sample preparation should further
improve the expression rate and yield of the proteins of inter-
est.

The DNA transformation ability of the cells was assessed.
For preparation of electrocompetent cells, the cultures were
grown to mid-exponential growth phase (ODg,,=0.5-0.7) at
37° C. with vigorous shaking (220 rpm). The cells were
subsequently washed three times with ice-cold water and
twice with ice-cold 10% glycerol. Finally, the cell sediments
were resuspended in a small volume of ice-cold 10% glyc-
erol, and 50-ul aliquots were prepared for storage at -80° C.
First, we examined the influence of restored K-12 core oli-
gosaccharide biosynthesis on the transformation of KPM318
with pMAL-c2. Strain BW30270 was grown in LB medium
as a control, whereas KPM318 was cultivated in LB medium
and LB medium containing ASP/G6P. The cells were har-
vested for preparation of electrocompetent cells when strains
BW30270, KPM318 (LB) and KPM318 (LB AS5P/G6P)
reached an optical density (ODgy,) of 0.621, 0.613, and
0.519, respectively. In order to use one and the same number
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of electrocompetent cells for transformation, we determined
the colony forming units per milliliter of the competent cells
of'each strain (Table 13).

The electrocompetent cells of KPM318 (LB) and KPM318
(LB AS5P/G6P) were diluted to 7.3x10® cfu/ml with ice-cold
10% glycerol (3.65x10” cfu/50 ul) and transformed each with
25 ng of plasmid pMAL-c2 (FIG. 35). The transformation
mixtures were serially diluted, plated onto LB agar plates
containing 100 ng/ml ampicillin and incubated at 37° C. The
results in Table 14 demonstrate that strains BW30270,
KPM318 (LB) and KPM318 (LB AS5P/G6P) were trans-
formed with similar efficiencies. The data further shows that
KPM318 predominantly expressing lipid IV, in the outer
membrane when grown in LLB-only medium (FIG. 11) was
not transformed with higher efficiency than BW30270 or
KPM318 under conditions of restored core oligosaccharide
biosynthesis.

The plasmid pMAL-c2 from four randomly selected trans-
formants of each strain was isolated from 5-ml overnight
cultures grown in LB medium containing 100 ng/ml ampicil-
lin at 37° C. and 200 rpm. The plasmids were isolated using
the Wizard Plus Minipreps DNA Purification System
(Promega). Samples of 1 pul were subsequently run on a 0.8%
agarose gel in TBE buffer (FIG. 63). The electrophoresis
results indicated that the yield of plasmid pMAL-c2 was
apparently almost identical for . coli strains BW30270/
pMAL-c2, KPM318 (LB)pMAL-c2, and KPM318 (LB
ASP/G6P)/pMAL-c2.

As a next step, the 42° C.-resistant KPM318 derivatives
KPM318-9, KPM318-10, KPM318-19 and KPM318-23
were transformed each with plasmids pMAL-c2 and pMAL-
p2 (FIG. 35). The cells were grown in SB medium at 37° C.
and harvested for preparation of electrocompetent cells when
KPM318-9, KPM318-10, KPM318-19 and KPM318-23
reached an optical density (ODy,,) of 0.618, 0.596, 0.491,
and 0.702, respectively. The electrocompetent cells were
transformed each with 25 ng pMAL-c2 and 25 ng pMAL-p2.
Serial dilutions of the transformation mixtures were then
plated onto LB agar plates with 100 pg/ml ampicillin and
incubated at 37° C. The transformation efficiencies for the
42° C.-resistant KPM318 strains are summarized in Table 15.
While strains KPM318-9, KPM318-10 and KPM318-19
were transformed with high efficiency, the capability of
KPM318-23 to uptake plasmids pMAL-c2 and pMAL-p2
was only marginal. In fact, the latter result was consistent with
the failure to transform KPM318-23 with plasmids pJex-
press404:51149 and pJexpress404:51150.

The plasmids pMAL-c2 and pMAL-p2 were isolated from
5-ml overnight cultures of two randomly selected transfor-
mants of KPM318-9/pMAL-c2, KPM318-9/pMAL-p2,
KPM318-10/pMAL-c2, and KPM318-10/pMAL-p2, using
the Wizard Plus Minipreps DNA Purification System accord-
ing to the manufacturer’s recommendations (Promega). The
samples (1 pl each) were run on a 0.8% agarose gel in TBE
buffer (FIG. 64). Finally, the yields of the isolated plasmids
were determined for those strains that were subsequently
used for the protein expression studies described above
(Table 16). Taken together, both the high transformation effi-
ciency and the acceptable yield of plasmid DNA obtained
from a standard miniprep culture suggests that KPM318-9
and KPM318-10 are suitable “base strains™ for the develop-
ment of plasmid DNA production strains.

To develop a KPM “base strain” dedicated to screening
proteins derived from phage display libraries, the strain
should have an Fplasmid to permit infection with M 13 phage.
We have used the E. coli JC19022 (F'121 Tnl10) as a donor
strain to transfer the F'121 Tnl0 plasmid to BW30270,
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KPM318, KPM318-9, KPM318-10, KPM318-19, and
KPM318-23 by a tube mating protocol. The cultures were
grown overnight in 5 ml of medium at 37° C. with vigorous
shaking (220 rpm). LB medium containing 10 pg/ml tetracy-
cline was used for JC19022 (F'121 Tnl10), LB medium for
BW30270, and LB medium supplemented with ASP/G6P
was used for KPM318 and its temperature-resistant deriva-
tives. The following dilutions of the overnight cultures were
set-up using the same media as used for overnight growth:

Donor: 25 pl—5 ml

50 pl—=5 ml

100 ul—5 ml

200 pl—5 ml

Recipients: 25 pl—5 ml

50 pl—=5 ml

100 ul—5 ml

200 pl—5 ml
The samples were vigorously (220 rpm) shaken at 37° C. for
approximately 2 to 3 hr. The optical density (ODg,,) of the
suspensions (1 ml) was recorded. The optimal OD, range is
0.08 to 0.2; the dilution with the OD, closest to 0.1 should
be used if there are options available (this is true for the donor
and recipient cultures). In order to remove the tetracycline
from the medium of the donor strain, the culture should be
centrifuged, and the cell pellet should be resuspended in 4 ml
LB medium. A 1:1 ratio of donor:recipient is used for the
transfer. The dilution of the donor dilution is determined and
multiplied by 500. This value is divided by the OD ., of the
recipient to obtain the amount of the recipient in pl to add to
500 pl of the donor. The donor culture (500 pl) is incubated
with the appropriate amounts of the recipient cultures (Tables
17 and 18). The mating cultures are incubated at 37° C. for 2
hr without agitation. The cultures are then incubated for
another 2hrat37° C. and agitated at 220 rpm. The samples are
vigorously vortexed to disrupt the mating pairs. Dilutions at
107%,1072,1073, and 10~*in PBS (pre-warmed to room tem-
perature) for each mating were prepared, and 100 pl of each
undiluted and diluted mating culture was added to M9 agar
plates containing 1 pg/ml thiamine and 10 pg/ml tetracycline.
The cultures were incubated at 37° C. The potential transcon-
jugants were streaked onto M9 agar plates containing 1 pg/ml
thiamine and 10 pg/ml tetracycline and incubated at 37° C.
The tube mating experiments yielded a number of potential
transconjugants for all recipient strains. A subset of potential
transconjugants was subsequently examined by PCR for the
presence of the AlpxP knockout mutation to distinguish
between false positive clones and tetracycline-resistant KPM
strains. As shown in FIG. 65, all tested tetracycline-resistant
KPM318 transconjugants contained the AlpxP knockout
mutation, which indicated the successful transfer of the F'121
Tn10 plasmid to the KPM strain. By using the IpxP PCR, we
also could identify several potential F121 TOO transconju-
gants of KPM318-9, KPM318-10, KPM318-19 and
KPM318-23, which contained the required AlpxP knockout
mutation.

To provide evidence for the presence of the F'121 Tnl0
plasmid in KPM318 and its 42° C.-resistant derivatives, as
well as to show that the transconjugants are susceptible to
M13 infection, the M13KO7 helper phage was used to infect
four randomly selected transconjugants of each strain. As
M13KO7 contains the origin of replication from P15A and
the kanamycin resistance gene from Tn903 both inserted
within the M13 origin of replication, the development of
kanamycin-resistant clones following infection is an indica-
tion for the susceptibility of a given strain to M13KO7. Over-
night cultures of £. coli JC19022 (F121 Tn10) and BW30270
(F121 Tn10) in LB medium containing 10 pg/ml tetracycline,
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and KPM318 (F121 Tnl0) and 42° C.-resistant KPM318
(F'121 Tn10) derivatives in L.B medium with 10 pg/ml tetra-
cycline and ASP/G6P were set-up. The BW30270 and
KPM318 strains were grown in LB medium and [.B medium
supplemented with ASP/G6P, respectively, as controls. The
cultures were vigorously agitated (220 rpm) at 37° C. The
following strains and potential transconjugants were grown:

1. BW30270 (control)

2. KPM318 (control)

3.JC19022 (F'121 Tnl0) (control)

4. BW30270 (F121 Tnl0)-1

5. BW30270 (F'121 Tnl0)-2

6. BW30270 (F'121 Tnl0)-3

7. BW30270 (F'121 Tn10)-4

8. KPM318 (F'121 Tn10)-4

9. KPM318 (F'121 Tn10)-6

10. KPM318 (F'21 Tnl0)-7

11. KPM318 (F'121 Tnl0)-8

12. KPM318-9 (F'121 Tnl0)-1

13. KPM318-9 (F'121 Tnl10)-2

14. KPM318-9 (F'121 Tnl10)-3

15. KPM318-9 (F'121 Tnl10)-4

16. KPM318-10 (F121 Tn10)-1

17.KPM318-10 (F'121 Tnl10)-3

18. KPM318-10 (F' 121 Tn10)-4

19. KPM318-10 (F121 Tnl10)-5

20. KPM318-19 (F121 Tnl10)-3

21.KPM318-19 (F' 121 Tnl0)-4

22.KPM318-19 (F'121 Tnl0)-5

23.KPM318-19 (F121 Tnl0)-6

24.KPM318-23 (F'121 Tnl0)-1

25.KPM318-23 (F'121 Tnl0)-2

26. KPM318-23 (F'121 Tnl0)-3

27.KPM318-23 (F'121 Tnl0)-5
The overnight cultures of BW30270 and JC19022 (F'121
Tn10) were grown in 3 ml LB medium (1:100), and KPM318
and the potential transconjugants were cultured in 3 ml of LB
medium supplemented with ASP/G6P (1:50). The cultures
were grown to an early exponential growth phase at 37° C.
with vigorous shaking (280 rpm). A 1 ml aliquot was removed
for determination of the ODy, of the suspension (Table 19)

The M13KO7 infection experiments resulted in kanamy-
cin resistant colonies for all potential transconjugants of
KPM318 and its temperature-resistant derivatives (Table 20).
Although the number of kanamycin-resistant colonies sig-
nificantly varied among the strains, the results suggest that: (i)
the conjugative transfer of plasmid F'121 Tn10 to the KPM
strains was successful, and (ii) the strains became susceptible
to M13 infection. This should provide a fundamental basis for
the generation of phage display libraries in temperature-re-
sistant KPM318 derivatives.

The supE44 gene from E. coli X1.1-Blue was transferred to
BW30270, KPM318 and its 42° C.-resistant derivatives. To
facilitate selection for supE44 in BW30270, KPM318 and its
derivatives, the helper plasmid pMAK705 KmR CATMUT
was constructed (FIG. 66). First, the kanamycin resistance
gene of plasmid pKD4 was amplified using the primers
5BamHIKmR and 3HindIIIKmR, followed by digestion of
the PCR product with BamHI and HindIIl. Second, the
BamHI/HindIII digested PCR product was cloned into the
BamHI/HindIII sites of the temperature-sensitive plasmid
pMAK?705 to yield pMAK705 KmR. Finally, the codon ACC
at position 10 was substituted for a TAG (amber) nonsense
codon using primers CATamber and CATwtreverse in site-
directed mutagenesis with the Change-IT Mutagenesis Sys-
tem (USB).
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(SEQ ID 1)
S5BamHIKmMR: ATATGGATCCTTACATGGCGATAGCTAGACTGG

(SEQ ID 2)
3Hind111KmR: ATATAAGCTTGAAGAACTCCAGCATGAGATCC

CATamber :
(SEQ ID 3)
GAGAAAAAAATCACTGGATATACCTAGGTTGATATATCCCAATGGCA

36

2. Phage P1vir was propagated on BW26547 grown at 37° C.
in LB medium with 30 pg/ml kanamycin to obtain a ArecA::
KmR transducing lysate.

3. For transduction, the AendA recipient strains KPM343,
KPM344, KPM345, KPM346 and KPM347 were grown at
37° C. in LB medium supplemeted with ASP/G6P.

4. Transduction was performed according to standard proto-
cols, with selection of potential transductants at 37° on LB-
agar plates containing 30 pg/ml kanamycin.

CATwtreverse: 10
(SEQ ID 4) 5. The distance between recA and gutQ is only about 6 kb
CAGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATC (theoretical co-transduction rate: about 82%), so potential
To verify the introduction of the amber nonsense codon into kanamycin-resistant transdu?.tants weretested by PCR for the
. . presence of both the ArecA::KmR cassette and the deleted
the cat gene, the E. coli strains TOP10 and XI.1-Blue were " in KPM strai
transformed with plasmid pMAK705 KmR CATMUT. The 15 2UtQ genein SUains.
resulting strains TOP10/pMAK705 KmR CATMUT and
XL1-Blue/pMAK705 KmR CATMUT were streaked on both gutQ control primers:
LB+30 pg/ml kanamycin and LB+30 pg/ml kanamycin+15 (SEQ ID NO: 5)
pg/ml chloramphenicol plates (FIG. 67). In contrast to 5'gutQetrll-GTCGATAAGCTGATTACCGACGT
TOP10/pMAK705 KmR CATMUT carrying the wild-type 20 (SEQ 1D NO: &)
allele of glnV, strain XI.1-Blue/pMAK705 KmR CATMUT 31 gutoetrlz _GTGAAACTATTCGTCAGGCA(?TGG ’
was capable of growing on LB+30 pg/ml kanamycin+15
pg/ml chloramphenicol plates, indicating the suppression of recA control primers:
the nonsense mutation by supE44 (FIG. 67). (SEQ ID NO: 7)
25 5'recActrl- CTACTGCGTATGCATTGCAG
Example 5 (SEQ ID NO: 8)
3'recActrl- TCGTAATCTTCTGCCGTAGC .
Construction of the KPM Derived AendA ArecA
Strains 6. As aresult, strains KPM348, KPM349, KPM350, KPM351
30 and KPM352 containing ArecA::KmR and the original gutQ
The ArecA::KmR strains KPM348, KPM349, KPM350,  mutation were obtained.
KPM351 and KPM352, were each derived from the corre- 7. The kanamycin resistance gene is removed using transient
sponding AendA strains to KPM343, KPM344, KPM345, transformation by pCP20 to obtain strains KPM353,
KPM346 and KPM347. A as used in this example means KPM354, KPM355, KPM356, and KPM357.
deletion. The ArecA::KmR targeting cassette was transferred 35 g The above recA primers serve for identifying the elimina-
to KPM343, KPM344, KPM345, KPM346 and KPM347 by tion of the KanR insert in the recA final strains.
Plvirtransduction essentially as described for construction of
other knockout mutations: B le 6
1. The E. coli strain BW26547 carrying the ArecA::KmR Xampie
mutation was used as a donor for transduction. The strain was 40
obtained from the E. coli Genetic Stock Center. E. coli Strain Name Designations
Strain Description
KPM22L11 (msbAS52 AkdsD AgutQ)
KPM290 (msbA52 AkdsD AgutQ AlpxL::Km™)
KPM296 AlpxL derivative of KPM22 L11
(msbA52 AkdsD AgutQ AlpxL)
KPM300 (msbA52 AkdsD AgutQ AlpxL AlpxM::Km™*)
KPM303 AlpxL AlpxM derivative of KPM22 L11
(msbA52 AkdsD AgutQ AlpxL AlpxM)
KPM310 (msbA52 AkdsD AgutQ AlpxL AlpxM ApagP:: Km™)
KPM312 AlpxL AlpxM ApagP derivative of KPM22 L.11
(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP)
KPM314 (msbAS52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP:: Km*)
KPM316 AlpxL AlpxM ApagP AlpxP derivative of KPM22 L.11
(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP)
KPM317 (msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA::Km*)
KPM318 AlpxL AlpxM ApagP AlpxP AeptA derivative of KPM22 L11
(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA)
KPM334 Temperature-resistent KPM318 derivative KPM318-42C 9
(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181)
KPM335 Temperature-resistent KPM318 derivative KPM318-42C 10
(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181)
KPM336 Temperature-resistent KPM318 derivative KPM318-42C 19
(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA efp’)
KPM337 Temperature-resistent KPM318 derivative KPM318-42C 23

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA ded')
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-continued

Strain

Description

KPM338

KPM339

KPM340

KPM341

KPM342
KPM343

KPM344

KPM345

KPM346

KPM347

KPM348

KPM349

KPM350

KPM351

KPM352

KPM353

KPM354

KPM355

KPM356

KPM357

KPM358

KPM359

KPM360

KPM361

KPM362

Temperature-resistent KPM334 derivative

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA
frr181AendA::Km*)

Temperature-resistent KPM335 derivative

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA
frr181AendA::Km*)

Temperature-resistent KPM336 derivative

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA efp’
AendA::Km*)

Temperature-resistent KPM337 derivative

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA ded’
AendA::Km*)

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA AendA::Km*)
Temperature-resistent AendA derivative of KPM334

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA
frr181AendA)

Temperature-resistent AendA derivative of KPM335

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA
frr181AendA)

Temperature-resistent AendA derivative of KPM336

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA efp’ AendA)
Temperature-resistent AendA derivative of KPM337

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA ded' AendA)
AendA derivative of KPM318

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA AendA)
Temperature-resistent derivative of KPM343

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181AendA
ArecA::Km™)

Temperature-resistent derivative of KPM344

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181AendA
ArecA::Km™)

Temperature-resistent derivative of KPM345

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA efp’ AendA
ArecA::Km™)

Temperature-resistent derivative of KPM346

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA ded’ AendA
ArecA::Km™)

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA AendA
ArecA::Km*)

Temperature-resistent AendA ArecA derivative of KPM334

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181AendA
ArecA)

Temperature-resistent AendA ArecA derivative of KPM335

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181AendA
ArecA)

Temperature-resistent AendA ArecA derivative of KPM336

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA efp’ AendA
ArecA)

Temperature-resistent AendA ArecA derivative of KPM337

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA ded’ AendA
ArecA)

AendA ArecA derivative of KPM318

(msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA AendA
ArecA)

Temperature-resistent KPM334 derivative carrying the plasmid

F'121 Tnl0

[msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181
(F'121 Tn10)]

Temperature-resistent KPM335 derivative carrying the plasmid

F'121 Tnl0

[msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA frr181
(F'121 Tn10)]

Temperature-resistent KPM336 derivative carrying the plasmid

F'121 Tnl0

[msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA efp’ (F'121
Tnl0)]

Temperature-resistent KPM337 derivative carrying the plasmid

F'121 Tnl0

[msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA ded’ (F'121
Tnl0)]

KPM318 derivative carrying the plasmid F'121 Tnl0

[msbA52 AkdsD AgutQ AlpxL AlpxM ApagP AlpxP AeptA (F'121
Tnl0)]
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The following disclosures of the following patents are
incorporated in their entirety by reference herein: WIPO
Application No. 2007/084633. References and publications
cited herein are incorporated in their entirety by reference
herein to the extent that these references are consistent with
the present invention.

Various modifications of the invention, in addition to those
described herein, will be apparent to those skilled in the art
from the foregoing description. Such modifications are also

5

40

intended to fall within the scope of the appended claims. Each
reference cited in the present application is incorporated
herein by reference in its entirety.

Although there has been shown and described the preferred
embodiment of the present invention, it will be readily appar-
ent to those skilled in the art that modifications may be made
thereto which do not exceed the scope of the appended
claims. Therefore, the scope of the invention is only to be
limited by the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 23
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 33

TYPE: DNA

ORGANISM: Escherichia coli

<400> SEQUENCE: 1

atatggatce ttacatggeg atagctagac tgg

<210>
<211>
<212>
<213>

SEQ ID NO 2

LENGTH: 32

TYPE: DNA

ORGANISM: Escherichia coli

<400> SEQUENCE: 2

atataagctt gaagaactcce agcatgagat cc

<210>
<211>
<212>
<213>

SEQ ID NO 3

LENGTH: 47

TYPE: DNA

ORGANISM: Escherichia coli

<400> SEQUENCE: 3

gagaaaaaaa tcactggata tacctaggtt gatatatcecc aatggeca

<210>
<211>
<212>
<213>

SEQ ID NO 4

LENGTH: 47

TYPE: DNA

ORGANISM: Escherichia coli

<400> SEQUENCE: 4

cagtactgtt gtaattcatt aagecattctyg ccgacatgga agccatce

<210>
<211>
<212>
<213>

SEQ ID NO 5

LENGTH: 23

TYPE: DNA

ORGANISM: Escherichia coli

<400> SEQUENCE: 5

gtcgataage tgattaccga cge

<210>
<211>
<212>
<213>

SEQ ID NO 6

LENGTH: 24

TYPE: DNA

ORGANISM: Escherichia coli

<400> SEQUENCE: 6

gtgaaactat tcgtcaggca ctgg

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

33

32

47

47

23

24
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-continued

42

<400> SEQUENCE: 7

ctactgegta tgcattgcag

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 8

tegtaatcett ctgeegtage

<210> SEQ ID NO 9

<211> LENGTH: 1749

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 9

atgcataacg acaaagatct ctctacgtgg cagacattee gecgactgtyg gtcaaccatt
gegectttea aagegggtet gategtggeg ggcgtagegt taatcctcaa cgecagecage
gatacctteca tgttateget ccttaagcca cttettgatg atggetttgg taaaacagat
cgeteegtge tggtgtggat gecgetggtyg gtgateggge tgatgatttt acgtggtate
accagctatyg tctecageta ctgtatctee tgggtatcag gaaaggtggt aatgaccatg
cgtegecgee tgtttggtca catgatggga atgccagttt cattetttga caaacagtca
acgggtacge tgttgtcacg tattacctac gattcecgaac aggttgette ttettettee
ggcgcactga ttactgttgt gegtgaaggt gegtegatca teggectgtt catcatgatg
ttctattaca gttggcaact gtcgatcatt ttgattgtge tggcaccgat tgtttegatt
gcgattegeyg ttgtatcgaa gegttttege aacatcagta aaaacatgca gaacaccatyg
gggcaggtga ccaccagege agaacaaatg ctgaagggcece acaaagaagt attgatttte
ggtggtcagyg aagtggaaac gaaacgcttt gataaagtca gcaaccgaat gegtctteag
gggatgaaaa tggtttcage ctettccate tctgatccga tcattcaget gatcgectet
ttggegetgg cgtttgttet gtatgeggeyg agettceccaa gtgtcatgga tagectgact
gcecggtacga ttaccgttgt tttetcttea atgattgcac tgatgegtee getgaaatcey
ctgaccaacg ttaacgccca gttecagege ggtatggegyg cttgtcagac getgtttace
attctggaca gtgagcagga gaaagatgaa ggtaagegeg tgatcgageyg tgegactgge
gacgtggaat tccgcaatgt cacctttact tatcegggac gtgacgtace tgecattgegt
aacatcaacc tgaaaattce ggcagggaag acggttgcte tggttggacyg ctetggtteg
ggtaaatcaa ccatcgccag cctgatcacg cgtttttacyg atattgatga aggcgaaatce
ctgatggatyg gtcacgatct gecgegagtat accctggegt cgttacgtaa ccaggttget
ctggtgtege agaatgtcca tctgtttaac gatacggttyg ctaacaacat tgettacgea
cggactgaac agtacagcceg tgagcaaatt gaagaagegg cgegtatgge ctacgecatg
gacttcatca ataagatgga taacggtcte gatacagtga ttggtgaaaa cggegtgety
ctetetggeyg gtcagegtea gegtattget ategetegag cettgttgeyg tgatageceyg
attctgatte tggacgaage tacctegget ctggataceyg aatccgaacyg tgcgattceag

geggcactgg atgagttgca gaaaaaccgt acctetetgg tgattgecca cegettgtet

accattgaaa aggcagacga aatcgtggte gtecgaggatg gtgtcattgt ggaacgeggt
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acgcataacg atttgettga gcaccgegge
ggccaatga

<210> SEQ ID NO 10

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 10

cgtgtagget ggagetgett cgaagttect
aggaaggteg acggatccce ggaatg
<210> SEQ ID NO 11

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 11

tgtgtagget ggagetgett cgaagttect
aggaactaag gaggatattc atatge
<210> SEQ ID NO 12

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 12

ctatgaatat cctecttagt tectattecy
ttegaagcag ctccagecta cace

<210> SEQ ID NO 13

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 13

gtatgaatat ccteccttagt tectatteceg
ttegaagcag ctccagecta cacg

<210> SEQ ID NO 14

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 14

agtgtagget ggagetgett cgaagttect
aggaactaag gaggatattc atatgg
<210> SEQ ID NO 15

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 15

tgtgtaggct ggagetgett cgaagttect

aggaactaag gaggatattc atatgc

<210> SEQ ID NO 16
<211> LENGTH: 1749

gtttacgege aacttcacaa aatgcagttt

atactttcta gagaatagga acttcggaat

atactttcta gagaatagga acttcggaat

aagttcctat tctctagaaa gtataggaac

aagttcctat tctctagaaa gtataggaac

atactttcta gagaatagga acttcggaat

atactttcta gagaatagga acttcggaat

1740

1749

60
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60

86

60

84

60

84

60

86

60

86
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<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 16
atgcataacg acaaagatct ctctacgtgg cagacattece gecgactgtyg gtcaaccatt 60
gegectttea aagecgggtcet gatcegtggeg ggcgtagegt taatcctcaa cgcagccage 120
gataccttca tgttatcget ccttaagcca cttettgatg atggetttgg taaaacagat 180
cgctecgtge tggtgtggat gecgetggtyg gtgatceggge tgatgatttt acgtggtate 240
accagctatg tctcecageta ctgtatctece tgggtatcag gaaaggtggt aatgaccatg 300
cgtegecgee tgtttggtca catgatggga atgccagttt cattectttga caaacagtca 360
acgggtacge tgttgtcacg tattacctac gattccgaac aggttgctte ttcttettee 420
ggcgcactga ttactgttgt gecgtgaaggt gegtcgatca teggectgtt catcatgatg 480
ttctattaca gttggcaact gtcgatcatt ttgattgtgc tggcaccgat tgtttcgatt 540
gegattegeyg ttgtatcgaa gegttttcege aacatcagta aaaacatgca gaacaccatg 600
gggcaggtga ccaccagcge agaacaaatg ctgaagggcc acaaagaagt attgatttte 660
ggtggtcagyg aagtggaaac gaaacgcttt gataaagtca gcaaccgaat gegtcttcag 720
gggatgaaaa tggtttcage ctcttccatce tcectgatccga tcattcaget gatcgectet 780
ttggegetgg cgtttgttet gtatgeggeg agettceccaa gtgtcatgga tagectgact 840
geeggtacga ttaccgttgt tttetcecttca atgattgcac tgatgegtece getgaaatceg 900
ctgaccaacg ttaacgccca gttccagege ggtatggegyg cttgtcagac getgtttace 960
attctggaca gtgagcagga gaaagatgaa ggtaagcgcg tgatcgagceg tgcgactggce 1020
gacgtggaat tccgcaatgt cacctttact tatccgggac gtgacgtacc tgcattgegt 1080
aacatcaacc tgaaaattcc ggcagggaag acggttgctce tggttggacg ctcectggttceg 1140
ggtaaatcaa ccatcgccag cctgatcacg cgtttttacg atattgatga aggcgaaatc 1200
ctgatggatg gtcacgatct gcgcgagtat accctggegt cgttacgtaa ccaggttgcet 1260
ctggtgtcge agaatgtcca tetgtttaac gatacggttg ctaacaacat tgcttacgca 1320
cggactgaac agtacagccg tgagcaaatt gaagaagegg cgegtatgge ctacgecatg 1380
gacttcatca ataagatgga taacggtctc gatacagtga ttggtgaaaa cggcgtgcetg 1440
ctectetggeg gtcagegtca gegtattgcet atcgctegag cecttgttgeg tgatageccecg 1500
attctgattc tggacgaagc tacctcggct ctggataccg aatccgaacg tgcgattcag 1560
gcggcactgg atgagttgca gaaaaaccgt acctctctgg tgattgccca ccgettgtet 1620
accattgaaa aggcagacga aatcgtggtc gtcgaggatg gtgtcattgt ggaacgcggt 1680
acgcataacg atttgcttga gcaccgcggce gtttacgege aacttcacaa aatgcagttt 1740
ggccaatga 1749
<210> SEQ ID NO 17
<211> LENGTH: 86
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 17
cgtgtagget ggagetgett cgaagttect atactttcta gagaatagga acttcggaat 60
aggaaggtcg acggatcccc ggaatg 86

<210> SEQ ID NO 18
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<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 18

tgtgtagget ggagetgett cgaagttect
aggaactaag gaggatattc atatge
<210> SEQ ID NO 19

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 19

ctatgaatat cctcettagt tectattceeg

ttcgaagcag ctccagecta cacc

atactttcta gagaatagga acttcggaat

aagttcctat tctctagaaa gtataggaac

60

86

60

84

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 20

LENGTH: 84

TYPE: DNA

ORGANISM: Escherichia coli

SEQUENCE: 20

gtatgaatat cctccttagt tectatteeg

ttcgaagcag ctccagecta cacg

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 21

LENGTH: 86

TYPE: DNA

ORGANISM: Escherichia coli

SEQUENCE: 21

aagttcctat tctctagaaa gtataggaac 60

84

agtgtaggct ggagetgett cgaagttect

atactttcta gagaatagga acttcggaat

60

aggaactaag gaggatattc atatgg

<210> SEQ ID NO 22

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 22

86

tgtgtaggct ggagctgett cgaagttect atactttcta gagaatagga acttcggaat 60

aggaactaag gaggatattc atatgc

<210> SEQ ID NO 23

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 23

86

tcatatgaat atcctectta gttectatte cgaagtteet attctctaga aagtatagga 60

acttcgaage agctccagece tacacc

86

What is claimed is:

1. An isolated, viable, non-conditional, Gram-negative
mutant bacterium, wherein said bacterium is Escherichia coli
and comprises an outer membrane that substantially lacks a
ligand that acts as an agonist of a human TLR4/MD-2 recep-
tor, said ligand comprising lipid A, wherein the bacterium
comprises (a) a mutation in at least one of the genes selected

60

65

from the group consisting ofkdsA, kdsC, kdsB, and waaA, or
a mutation in each of the kdsD and gutQ genes, wherein said
mutation results in a disruption in the biosynthesis of
(Kdo),-lipid IV ,, (b) amutation in each of the genes pagP and
eptA wherein said mutation substantially inactivates the
enzymatic activity of each of the proteins encoded by the
pagP and eptA genes, and (c) a suppressor mutation in the
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msbA gene resulting in an increased capacity of the encoded
MsbA protein to transport lipid IV .

2. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1, selected from the group consisting of K-12
strains, W3110, MG1655, B/r, BL21, O157:h7, 042, 101-1,
1180, 1357, 1412, 1520, 1827-70, 2362-75, 3431, 53638,
83972, 929-78, 98NK2, ABU 83972, B, B088, B171, B185,
B354, B646, B7A, C, ¢7122, CFT073, DHI1, DH5q,
E110019,E128010, E74/68,E851/71, EAEC 042, EPECal 1,
EPECal2, EPECal4, ETEC, HI10407, F11, F18+,
FVECI1302, FVEC1412, GEMS_EPECI1, HB101, HT115,
KO11, LF82, LT-41, LT-62, LT-68, MS107-1, MS119-7,
MS124-1, MS 145-7, MS 79-2, MS 85-1, NCTC 86, Nissle
1917, NT:H19, NT:H40, NUI14, O103:H2, O103:HNM,
0103:K+,0104:H12,0108:H25,0109:H9, 0111H-, O111:
H19, O111:H2, O111:H21, O111:NM, O115:H-, O115:
HMN, O115:K+, O119:H6, O119:UT, O124:H40, O127a:
H6, 0127:H6, O128:H2, O131:H25, 0136:H-, 0139:H28
(strain E24377A/ETEC), O13:H11, O142:H6, O145:H-,
0153:H21, O153:H7, O154:H9, 0157:12, O157:H-, O157:
H12, 0157:H43, O157:H45, O157:H7 EDL933, O157:NM,
O15:NM, O177:H11, O17:K52:H18 (strain UMNO26/Ex-
PEC), 0180:H-, O1:K1/APEC, 026, 026:H-, O26:H11,
026:H11:K60, 026:NM, 041:H-, 045:K1 (strain S88/Ex-
PEC), O51:H-, O55:H51, 055:H6, O55:H7, O5:H-, 06,
063:H6, O63:HNM, 06:K15:H31 (strain 536/UPEC),
0O7:K1 (strain IAI39/EXPEC), O8 (strain IAI1), O81 (strain
EDla), O84:H-, O86a:H34, O86a:H40, O90:H8, O91:H21,
09:H4 (strain HS), 0O9:H51, ONT:H-, ONT:H25, OP50,
Orough:H12, Orough:H19, Orough:H34, Orough:H37,
Orough:H9, OUT:H12, OUT:H45, OUT:H6, OUT:H7, OUT:
HNM, OUT:NM, RN587/1, RS218, 55989/EAEC, B/BL21,
B/BL21-DE3, SE11, SMS-3-5/SECEC, UTI89/UPEC,
TA004, TA155, TX1999, and Vir68.

3. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1, further comprising a mutation in the IpxL
gene.

4. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1, further comprising a mutation in the lpxM
gene.

5. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1, further comprising a mutation in the lpxP
gene.

6. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1, further comprising a mutation in each of the
IpxL, 1pxM, and lpxP genes.

7. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1, wherein the kdsD, gutQ, 1pxL, IpxM, pagP,
IpxP and eptA genes are disrupted in said bacterium.

8. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1 or 3, wherein the msbA mutation results in
an amino acid substitution selected from the group consisting
of MsbA-P18S, MsbA-L48F, MsbA-P50S, MsbA-T283A,
and MsbA-R310S.

9. The viable, non-conditional, Gram-negative mutant bac-
terium of claim 1, wherein the kdsD, gutQ, 1pxL, IpxM, pagP,
IpxP and eptA genes are disrupted, and wherein the bacterium
comprises a mutation in the msbA gene resulting in an amino
acid substitution of P18S in the MsbA protein.

10. The viable, non-conditional, Gram-negative mutant
bacterium of claim 9, wherein the bacterium further com-
prises at least one additional mutation to enable growth at 42°
C.
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11. The viable, non-conditional, Gram-negative mutant
bacterium of claim 10, designated KPM335.

12. The viable, non-conditional, Gram-negative mutant
bacterium of claim 1, 7 or 9, wherein a gene coding for RecA
or EndA is mutated or deleted.

13. The viable, non-conditional, Gram-negative mutant
bacterium of claim 12, designated KPM?344 or KPM353.

14. The viable, non-conditional, Gram-negative mutant
bacterium of claim 1, further comprising an F plasmid, an F'
plasmid, or genes encoding for F pilus production.

15. The viable, non-conditional, Gram-negative mutant
bacterium of claim 1, wherein the bacterium can propagate
bacteriophages fd, M13, or bacteriophages related to fd or
M13.

16. The viable, non-conditional, Gram-negative mutant
bacterium of claim 14 or 15, designated KPM358.

17. A method of producing a DNA sample substantially
free of a ligand that acts as an agonist of TLR4/MD-2, the
method comprising:

(a) obtaining a Gram-negative mutant bacterium according

to claim 1;

(b) introducing a DNA vector to the bacterium, such that
the bacterium functions to amplify the DNA vector; and

(c) harvesting a DNA sample from the bacterium with
amplified DNA via a standard DNA isolation protocol.

18. A method of producing a protein sample substantially
free of a ligand that acts as an agonist of TLR4/MD-2, the
method comprising:

(a) obtaining a Gram-negative mutant bacterium according

to claim 1;

(b) introducing a DNA vector expression construct to the
bacterium, the vector comprising both a gene encoding a
protein of interest expressed from a functional promoter
and a selectable marker gene;

(c) growing the bacterium transformed with the DNA vec-
tor expression construct;

(d) allowing or inducing the bacterium transformed with
the DNA vector expression construct to express the pro-
tein of interest; and

(e) removing the bacterium to release the protein of inter-
est.

19. The mutant bacterium of claim 1 or 7, further compris-

ing a mutation or deletion in the lpp gene.

20. The mutant bacterium of claim 1 or 7, further compris-
ing a frr-D61Y mutation.

21. The mutant bacterium of claim 1 or 7, wherein said
bacterium is competent for transformation.

22. A method of expressing a protein utilizing a viable,
non-conditional, Gram-negative mutant bacterium, compris-
ing:

transfecting the bacterium of claim 1 or 7 with a plasmid
containing the nucleotide sequence encoding the protein
to be expressed;

culturing said bacterium in a fermentation medium having
a NaCl concentration in the range of 0.1M to 0.9M; and

expressing the protein in said bacterium in the culture.

23. The mutant bacterium of claim 1, wherein the strain
comprises a mutation in each of'kdsD and gutQ, wherein said
mutation results in inactivation of the encoded D-arabinose-
5-phosphate isomerases and a disruption in the biosynthesis
of (Kdo),-lipid IV .



